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SOLAR ENERGY 


R/ D chemists and engineers gear for a major 
onslaught on this next vast source of energy 


HOW'S YOUR 
STAFF EFFICIENCY ? 


18 ways to get the most from your staff 
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ULTRASONICS 


Its growth and spread in product and 
process improvement 


RELIABLE 
PRESSURIZATION 


for aircraft equipment 


The custom job 0 oplying preserfization units General Requirements: 
for airborne electronic equipmer\ is Eastern’s spe- Altitude: 0-70.090 ft. 
ialty. Meeting all appropriate govarnment specifi- ; ; ; ‘ 
. PENN CIS US Nag 13 Lahey Delivery: 0-36Q0 cu.in./min. free delivery 


cations, units can be furnished witPin the limits 
shown at right. Dehydrators available. We invite 
inquiries and specific requests concerningSygur Tempergefre: —65°F to +160°F 
specifications. Voltages: any standard voltage. 


Discharge Pyéssure: 0-60 p.s.i. 


New Aviation Products Catalog covering 
Electronic Tube Cooling Units, Hydraulic 
Equipment, and Pressurization Units sent 
on request. 


INDUSTRIES, INC. 


100 SKIFF STREET 
HAMDEN 14, CONN, 


~The Atom goes to sea... 


and with it— AUTOCLAVE Valves 


The world’s first atomic powered 
underwater ship—United States Navy 
Submarine Nautilus—carries within her 
hull, special valves engineered and 
manufactured by @ . 


The same engineering skill and crafts- 
manship which @ contributes to the 
maritime alertness of the Nautilus, is 
available to you in meeting the prob- 
lems of your research and develop- 
ment work. Consult with us on your 
pilot plant and laboratory require- 
ments for high pressure equipment. 


SPECIALISTS IN 
LABORATORY AND PILOT PLANT (“Ag HIGH PRESSURE EQUIPMENT 


AUTOCLAVE ENGINEERS, INE. 


860 EAST 19TH ST. e ERIE, PENNSYLVANIA 
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> Multiplier 

»Phototube § 

| REFERENCE | 
MANUAL 


“Avactab — The first 


comprehensive reference manual of 
commercially available multiplier 
phototubes by Du Mont. 


In 64 pages, this manual gives you: 
m@ Design considerations 
@ Operating principles 
@ Applications 
@ Typical circuits 


@ Detailed specifications of all 
multiplier phototubes 


The new Du Mont multiplier phototube 
reference manual will be helpful not 
only in choosing the proper tube for 
a specific task, but also in 
obtaining the best possible results 
through selection of optimum 
operating conditions. 


This manual is available by writing 
on your company letterhead to: 


Technical Sales Department 
Allen B. Du Mont Laboratories, Inc. 
760 Bloomfield Avenue, Clifton, N. J. 


THIS MONTH'S CONTRIBUTORS 


ROBERT ROD 

Acoustica Associates, Inc. 

A graduate of Georgia Tech, Robert Rod spent three ys 
as a Radar Officer in the USAF. During the following 
years he was associated with Radiomarine Corporatio) 
America; Melpar, Inc.; and Bogue Electric Manufactu: 
Company before establishing Acoustica Associates, | 
in Glenwood Landing, L. I. 


CLARENCE HOTCHKISS, JR. 
Stow Manufacturing Company 


After receiving his M. E. from Yale University, Clar 
Hotchkiss, Jr. served in the Army as Assistant to the C 
Engineer of the Automotive Division at Aberdeen Pro: 
Grounds, Maryland. As an application engineer for & 
Manufacturing Company, he works on the design of spe 
flexible shafts, both power drive and remote control 
all types of applications. 


ALEXANDER C. WALL 
American Machine and Foundry Company 


Alexander C. Wall has been closely associated with 
development of special batteries and resistors, radar tur 
high frequency aircraft engine ignition systems and 
proximity fuse. Currently Director of AMF’s Research 
Development, he has functioned in a variety of enginee 
capacities on automatic pinspotter development, ba 
machinery and atomic energy projects. 


CLINTON F. HEIL 


Ordnance Research Laboratory 


Clinton F. Heil holds B. S. degrees in Physics and Ec 
tion and an_M. S. in Mathematics. He was a membe 
the Harvard University Academic Staff for two y 
working in the Underwater Sound Laboratory and is } 
ently with the Ordnance Research Laboratory as Assis 
Director in Charge of the Engineering Projects Divi 


CHARLES A. SCARLOTT 
Stanford Research Institute 


Co-author of several technical books including “Fu 
mentals of Radio”, “Electronics for Industry” and “Er 
Sources”, Charles A. Scarlott established “The Wes 
house Engineer” and edited it for 14 years. He is 
manager of Technical Information Services at Sta 
Research Institute. ; 
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LTRASONICS 18 
Robert Rod indicates the growth and spread of 
this relatively new industry in the improvement 
of products and processes. 


ONTROLLED CRASH PROGRAM 
FOR A NEW PRODUCT 24 
Clarence Hotchkiss, Jr. gives you an intimate 
look at the contract and costs set up between a 
manufacturer and a consulting firm in the de- 
velopment of a new product. 


REATIVE ENGINEERING—APPLIED 26 
Alexander C. Wall operationally defines different 
types of creativity required in engineering de- 
velopment and design. 


[OW’S YOUR STAFF EFFICIENCY ? 30 
Luis J. A. Villalon itemizes eighteen rules that 
will help you get maximum performance from 
your staff. 


ELL YOUR R/D SERVICES 34 
Clinton Heil stresses the importance of initial 
contact information in fitting your R/D services 
to industrial and government needs. 


‘URN TO THE SUN 36 
Charles A. Scarlott reviews past efforts and in- 
dicates future areas in which research and en- 
gineering will probably be most fruitful in har- 
nessing the sun’s energy. 


sASIC RESEARCH ON 
POLYMER CRYSTALLIZATION Al 


NBS releases details of a research study on 
stark rubber carried out by D. E. Roberts and 
L. Mandelkern of the NBS Rubber Laboratory. 
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STOPS ONA 
CHARACTER? 


<= 
New, Unique | 


PERFORATED TAPE READER 


The new Potter High Speed Perforated Tape Handler is patterned after the Potter Magnetic 
Tape Handler which has been so enthusiastically received by the computing and data handling 
fields. It provides an inexpensive means for intermittent or continuous playback of per- 
forated tape data. 

A servo controlled tape drive provides fast starts and stops without tearing or spilling 
tape. Straight line threading permits changing of tapes in seconds. 

Three separate motors are used. A continuously-running hysteresis-type motor drives 
two capstans in opposite directions. Solenoid-operated nylon idlers press tape against the 
appropriate capstan for the desired direction of travel. Spring loaded tension arms sense 
tape tension on either side of the tape drive mechanism and through a unique photoelectric 
bridge circuit, control reel-drive servo motors to maintain constant tape tension. 


e Character Reading Speeds of 600, 300 or © Reads 5, 6, 7 or 8 level perforated tape. 
150 per second. © Long tape life through use of low tension 
e Five millisec start time. photoelectric servo. 


© Simple Photo-Diode Reading Head. © Remote control by pulses. : ; 
© Bi-directional. © Tape Drive and start-stop mechanism avail- 


able separately for tape loop and basket 


@ Easy to thread. applications. 

DETAILED SPECIFICATIONS 
[_MobEL———~—«dy;~SC«tOSIA | 90a | sosIc | S0SKC 
[No.of Channeis | 5 | 6or7 | 8 | 6 or 7 8 
1” 1/16 7/78 


Reel Size 
Reel Capacity 
Start Time 

*Stopping Distance 


Tape Speed in/sec 15/30 15/30 15/30 15/60 15/60 
ae op! reading 150/300 150/300 150/300 150/600 150/600 
rate/sec 


On the stop character at 150 
characters/second. On the char- 
acter following the stop charac- 
ter at 600 characters/second. 
By panel switch or remote pulses (25 v). 

100 pounds; Panel dimensions—24-1/2 x 19”. 
Power Requirements 110-120 voits, 6 c.p.s., 400 watts. 


Note: For Tape ioop and basket applications, the center panel containing the drive capstans and 
tne start-stop mechanism witnout tne reel servos may be purchased separately. 


On the stop character at 150 
and 300 characters/second. 
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POTTER INSTRUMENT COMPANY, INC. 


115 Cutter Mill Road, Great Neck, N. Y. 
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Advanced research at Fairchild in the applications and effects of 
the Vectored Slipstream Principle has brought about the need 
for qualified aerodynamicists who have worked in this vital field, 
and who can make valuable contributions to its development. 


Fairchild, producers of the famous C-119 Flying Boxcar and 
C-123 Provider, are now preparing transports, advance re- 
connaisance aircraft, fighters and missiles. Experienced aero- 
dynamicists with VSP background will find these challenging 
new programs an exciting, stimulating climate in which to utilize 
and profit from their experience. 


Investigate these forward-looking, pace-setting developments. 
If your experience and originality can advance Fairchild’s 
rapidly-expanding program, you can be sure there’s a big future 
waiting for you at Fairchild. 


Investigate, too, the superb conditions for living and working 
near urban Baltimore and Washington, in the attractive Cumber- 
land Valley. Fairchild offers outstanding company benefits: 
salary plans .. health, hospitalization and 
. the many extra advantages of working with 
a genuinely progressive, fast-growing organization. 


. paid pensions ... 
life insurance.. 


Send a detailed resume of your experience to Walter Tydon, 
Chief Engineer. All correspondence will be kept in strictest 
confidence, of course. 
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E’s Flood 


An immediate result of the publication of our July- 
igust issue was a gratifying deluge of letters that has 
w subsided to a steady flow. Pages 6 and 8 contain 
oresentative thoughts and opinions of only a small num- 
r of those who wrote to us. Our publishing philosophy 
braces the belief that each and every reader who takes 
e time to write even a one sentence letter deserves a 
ick acknowledgement in some form. Although we have 
w set up an acknowledgement procedure, it will take 
me time to process the backlog that has accumulated 
er the past two months. Thus, if you haven’t heard from 
, it is not because we are disinterested in your comments. 
deed, we are interested to the extent of answering each 
ter in the individual manner it deserves, particularly 
ose that referred to our editorial objectives and format 
d asked questions or made suggestions. To you who did 
‘ite: our thanks for your effort, time and comments. 


lar Energy: A Change in Strategy 


Solar Engineering has had a long infancy—from ancient 
present times. And although we are now more ingenious 
its utilization than our predecessors, we cannot truly 
y that solar engineering as an industry is even in its 
olescence. But it may soon enter this stage under the 
mbined efforts of the Association for Applied Solar 
lergy, the Stanford Research Institute and the University 
Arizona. These three institutions are sponsoring a ‘“‘Con- 
rence on Solar Energy—tThe Scientific Basis” on October 
-November 1 at the University of Arizona in Tucson and 
e first “World Symposium on Applied Solar Energy” 
vember 2, 3, 4 in Phoenix, Arizona. Financial support 
r this concentrated direction of effort comes from The 
ational Academy of Science, The National Science Found- 
ion, The Ford Foundation, The Rockefeller Foundation, 
1e Office of Naval Research and the U. S. Air Force. 
The seriousness, vigor and intent of this organized effort 
tap the largest source of energy known to man can best 
‘had by quoting the background and objectives of these 
eetings from the brochure of the sponsors. 
Background: “Recent developments in the laboratory give 
omise that man’s age-old dream of using solar energy 
rectly may be realized. These include advances in solid- 
ate physics, better understanding of forced culture of 
w-order plants and animals to produce both fuel and food, 
id the prospect of performing organic and inorganic 
lotosynthesis without the aid of plants and animals. Also, 


because of the fast-rising burdens being placed on the re- 
serves of nonrenewable fuels it is becoming more important 
to learn how to draw on the sun as an inexhaustible source 
of energy. These facts and concepts suggest that the time 
is ripe to bring together the scientist, the engineer, the 
businessman and others who can contribute to reducing 
to practical form the findings of the laboratory.” 

Objectives: “ ... the Symposium will provide a common 
meeting ground for research workers throughout the world 
and those of industry, business and government who are 
interested in hastening the day of solar-energy utilization. 
Technical sessions at the Tucson section of the Symposium 
will give opportunity for presentation of volunteer papers 
and for open discussion of the details of specific phases of 
solar-energy capture. At Phoenix, papers giving summaries 
of work done and recent new findings in the major fields 
of solar energy will be presented by the outstanding au- 
thorities from many countries. An exhibition of solar de- 
vices, brought from several countries, will show the present 
state of engineering development, and indicate areas where 
engineering effort should be directed. It is hoped that from 
these five days of programmed discussions will emerge a 
clearer picture of the unsolved problems, their relation- 
ships and indications for additional research and engineer- 
ing developments.” 

Charles Scarlott, starting on page 36, gives you a preview 
of the present status of solar engineering and the areas 
in which research and development efforts are most likely 
to be concentrated. 


The High Art of Serendipity 


A little over 200 years ago, Horace Walpole coined the 
word “serendipity” in a fairy tale titled ““The Three Princes 
of Serendip’. (Serendip or Serendib is an ancient name for 
Ceylon). He defined the word to mean the art of making 
lucky and unexpected finds by accident. In a letter written 
in 1754, he said that he based it on the title of the book 
because “. . . princes were always making discoveries, by 
accident and sagacity, of things they were not in quest 
of.” Current usage applies the term to useful developments 
that result from accidents or mishaps such as the vulcan- 
izing of rubber and the development of penicillin. 

On page 45 of this issue and in future issues as we un- 
cover suitable items, we shall report what we choose to 
eall “Serendipics’, a mild distortion of Walpole’s original 
coinage. In our usage, we shall always leave the interpre- 
tation of the usefulness of the development or idea to the 
sagacity of the reader. 
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Tailor Made Nerve 
Davenport, Iowa 
. would like to congratulate you on... (1) 
the tremendous nerve your organization must 
possess to place a magazine on the market 
when such a fiood of literature already exists 
(2) getting straight to the point ... by defin- 
ing “The Ideal Research Executive.” (8)... 
the most important thing you have accom- 
plished . . . tailor made a magazine for the 
busy R/E man who formerly had to wade 
through tons of material to get to the articles 
of interest to his particular profession . . 
GILBERT BROWN 
Engineer in Charge Ultrasonic Research 
PIONEER-CENTRAL 
DIVISION BENDIX AVIATION CORP. 


Aesthetic Research 
Springfield, Mass. 
I have reviewed with considerable interest 
the first issue ...I certainly feel that you... 
have done an excellent job and will fulfill the 
urgent need on the part of managers of re- 
search development and design to be kept 
abreast of the most recent developments in 
this field. 
In reviewing your prospectus, I note the 
absence of any mention of research in the 
field of product styling and aesthetics. 
Aesthetic research, i.e. the investigation of 
form, texture and product appeal to the con- 
sumer, is a relatively new field. It is, how- 
ever, one which is witnessing a rapid growth 
and which is becoming of tremendous impor- 
tance to the producer of consumer products. 
The Industrial Designer, the man who puts 
into practice the results of such research, is 
fast becoming an important factor in the 
American market place. It is he who, in 
combination with the engineer, coordinates 
technological advances in science and engineer- 
ing with knowledge gleaned from a study of 
human engineering (Biomechanics) and adds 
to it, that plus factor, ineapable of definition, 
but which provides the finished products with 
the appeal necessary to stimulate the consumer 
into a purchase. 
This man should read your magazine, and 
your magazine should devote, I believe, some 
of its editorial content to these activities ... 
LUIGI A. CONTINI 
Asst. Mgr. in Charge of Design Research 
Market Development Dept. 

MONSANTO CHEMICAL Co. 


Filing Problem 
Nutley, N.J. 


- +. congratulations on the first issue... I 

feel it will fill a definite need in research and 

development organizations such as ours. 
Being confronted ... with the necessity for 


6 


convincing management of the necessity for 
more and better standards in such an or- 
ganization, I was particularly gratified by see- 
ing the excellent article by Dr. Gaillard... 
I am taking particular pains to see that this 
article is brought to the attention of our top 
level management... 

I have only one criticism of your initial 
issue—the “non-standard” size of 9% x 12% 
inches. I assume that you have conducted re- 
search leading to the conclusion that this size 
has certain advantages ... Judging by the 
first issue, R & E will contain items such as 
Dr. Gaillard’s article which will be of per- 
manent value to a great many people and 
would find its way into standard file equip- 
ment if it were not oversize... 

Incidentally, I would, of course, be ex- 
tremely interested in receiving my own per- 
sonal copy of each issue of your magazine. 

H. R. TERHUNE 
Manager Standards and Components Dept. 
FEDERAL TELECOMMUNICATION LABS. 


Oversized 
Whiting, Indiana 

I was very glad to receive the first issue 
of your new magazine and I read it with a 
great deal of interest. I should like to be 
placed on your permanent mailing list. 

I have one suggestion, which may or may 
not be helpful: the very nature of your maga- 
zine as outlined in the “Prospectus” indicates 
that it will contain a number of articles 
worthy of clipping and retaining in personal 
files for ready future reference. The 9% x 
12%4-inch page, however, is too large to fit an 
ordinary file folder. A reduction in size 
might be worthy of consideration. 

A. P. LIEN 
Assistant Division Director 
Chemical Products Division 


(Considerable thought went into the deter- 
mination of our page size. Major factors 
that coalesced our thinking were easier read- 
ing because of larger type and layout pos- 
sibilities. These advantages more than out- 
weigh filing problems—Ed.) 


Stimulating 
Cleveland, Ohio 
I have just finished reading the first issue 
. . . and immediately sat down to write a 
congratulatory note. I found R & E to be in- 
tensely interesting and excitingly stimulating. 
You have set a high standard with the first 
issue and I sincerely hope that you will be 
able to keep up the pace. I shall look forward 
to successive editions with anticipation. 
Congratulations and the best of luck. 
W. H. NICHOLS 
Vice President 
RAND DEVELOPMENT CORPORATION 


Letter 


Congrats 
Holyoke, M 


Have just read your first issue... it’s a 
job... Particularly enjoyed reading: “Fr 
work for Engineer Development” and “\ 
High Pressures” due to their closeness 
writer’s personal interests. 

We would appreciate being placed on 
mailing list to receive future copies of R 
regularly. ... This copy will be made ay 
able to our entire engineering staff thre 
our Works Technical Library. 

P. J. EQUI 
Eng. Training Coordin 
WORTHINGTON CORP. 


Helpful 
Hamilton, ‘ 
. . . From this first issue we have alre 
learned techniques that may be helpful t 
in the function of high pressure pumps 
controls through the articles “Very I 
Pressures” and “Ideal Components for Cor 
Systems.” We compliment you on brin: 
about a publication and establishing a mec 
for the interchange of scientific knowledg 
We shall deeply appreciate your placin; 
on your subscription list. 
JOHN T. MARSH. 
Chief Engineer 
HAMILTON DIVISION 
BENDIX AVIATION CORPORATION 


Impressed 
Centralia, 

Please accept my congratulations on ° 
first issue ...and my best wishes for a 
cessful future. 

I was especially impressed by the follo 
articles dealing ‘with management and 
ating problems: “The Ideal Research Ex 
tive”; “Framework for Engineer Devi 
ment”; “Standards—Platforms ef Progre 
“R/X For A Top Notch R/D Boss.” 

I am confident that your publication 
serve a real need for information on man 
ment of technical operations, research 
development, and engineering .. . 

R. W. KUNKLE 
Engineering Man 
A. B. CHANCE COMPANY 


Copy Circulated 
Endicott, 

... your new magazine was read with ¢ 
interest and will be a helpful contributio 
development engineering. The article by 
John Gaillard ... is an excellent presents 
of both a significant problem and an e 
understood answer. The application of st 
ards in development areas of industry is a 
and challenging approach to take advan 

continued on pa, 
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For Production and Research Men who use 
High Purity Process Chemicals .. . 


os 
oy & ADAMSO 
eRODUCTS = — a oe ee eee ee ee eee ee ee ee ee ee ee ee 


The following fine chemicals represent a 
small cross section of the many high purity 
chemicals bearing the “B&A” shield of 
quality. Please put check in box before 
name of each product on which you want 
further information. 


yours! 


l Product Data Sheet No, 
I  Acetamide, Crystal, Technical DA-30081 
t (D Acetyl! Chloride, Technical DA-30151 
1 & Acid Molybdic, 85%, Purified DA-31181 
| DD Acid Oxalic, Anhydrous DA-3134] 
| (J Aluminum Chloride, 32° Baume Solution DA-83851 
| J Aluminum Fluoride, Powder, Technical DA-32521 


L E L) Aluminum Nitrate, Crystal, Technical DA-32341 
= [_] Aluminum Sulfate, Hexahydrate, Technical DA-48871 


’ 


CUT OUT THIS COUPON AND MAILL.Ww ne eee ee ee 


i [] Ammonium Acetate, Crystal, Purified DA-32711 
([] Ammonium Fluoborate, Crystal, Technical DA-3273] 
. {_] Ammonium Fluoride, Crystal, Technical DA-32671 
& e | {_] Ammonium Oxalate, Granular, Purified DA-33251 
& | [-] Ammonium Persulfate, Crystal, 98%, Purified DA-33091 
| (J) Ammonium Sulfate, Purified DA-33151 
| ([) Ammonium Sulfite, Crystal, Purified DA-33231 
] ) Ammonium Thiosulfate, Solution, Technical DA-85271 
I (_] Barium Fluoride, Technical DA-34181 
| (_] Calcium Acetate, Powder, Purified DA-34991 
(J Calcium Chloride, U.S.P. DA-35011 
(_] Calcium Chloride, Anhydrous, Purified DA-49211 
* 5 y 3 (J Calcium Fluoride, Powder, Reagent DA-35201 
lf Your Operations Involve high purity process chemicals, you 1 © Catcium Phosphide, Technical DA-35341 
will undoubtedly want to know more about one or several of 1 = © Chromium Fluoride, Technical DA-35771 
the Baker & Adamson Fine Chemicals listed here. Each now has 1 Chromium Nitrate, se ge ects 
b : 5 4 J - ‘ 5 ium Nitrate, Solution, Techni : 
important industrial applications . . . each is worthy of investiga- itch ae a laa tlle Uke 
5 . : : | (J Chromium Potassium Fluoride, Purified DA-35791 
tion for many other uses suggested by its particular properties. | Ci Chromium Potasivm Sulfate, Granular, Photo DA-3584 
I (J Cupric Acetate, Crystal, Technical DA-36271 
Te Help You make preliminary evaluation of these important | [) Cupric Fluoride, Technical DA-36481 | 
: P ic Ni A-3641 
new process chemicals, General Chemical has prepared a spe- i 5 ee ha Perea ae ae apt 
. . ° upric Nitrate, ution, C 
cial data sheet for each. These sheets cover pertinent physical LG Coprous chloride, Technical aah 
and chemical properties, suggested uses, containers, etc. Since 1 Ferric Nitrate, Crystal, Technical DA-37441 ' 
many of these fine chemicals are rela- | Ferrous Ammonium Sulfate, Crystal, Technical DA-37571 ' 
. : ; P. DA-37671 
tively new to the industrial scene, REAGENTS |G Ferrous Sulfate, Exsiccated, U.S.P i 
. (J Hydrofluoric Acid, 48% (C.P.) A.C.S. DA-49791 
data on them pte frequently not avail- i (CD Lead Nitrate, Crystal, Technical DA-38381 ! 
able in standard references, thus you I () Magnesium Fluoride, Purified DA-39121 I 
will find these particular B&A data (J Magnesium Nitrate, Crystal, Technical DA-39131 I 
: i A-4027 
sheets of more than ordinary value. D sana ees Crystal, Purified a ph 
xamide, Furine hs 
i t (_] Potassium Acetate, N.F., Crystal, Technical DA-40821 | 
To Obtain Data sheets on the B&A | © Potassium Bifluoride, Technical DA-41461 i 
Fine Chemicals that interest you, just | © Potassium Borate, Tetra, Purified DAM) 
check the items, cut out the I () Potassium Cyanate, Powder, Purified DA-41591 ; 
li t d il it ith I (_] Potassium Cyanate, Powder, Technical DA-48821 
Renee et YOUr [J Potassium Fluoride, Anhydrous, Purified DA-40911 I 
business letter head. i [J Potassium Fluoride, Crystal, Purified DA-41041 | 
Ns I (_] Potassium Fluoborate, Crystal, Technical DA-41361 | 
hromicel I (_] Potassium Nitrite, Fused, Lump DA-85521 | 
®) 1 Potassium Thiosulfate, Purified DA-41521 " 
ers . 1 © Potassium Titanium Fluoride DA-40722 ' 
BAKE R &y ADAM SON We Chemicale' {_] Sodium Fluoborate, Crystal, Technical DA-42401 , 
I {[) Stannous Chloride, Crystal, Technical DA-43421 ' 
GENERAL CHEMICAL DIVISION I (Zinc Formate, Crystal, Purified ; DA-44441 ' 
ALLIED CHEMICAL & DYE CORPORATION ' O Boron Trifluoride DA-34691 
40 RECTOR STREET, NEW YORK 6, N. Y. res | 
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of standards as a necessary too) for the 
engineer. My copy is being circulated with in- 
terest among the staff members of my division, 
and I am sure several subscription requests 
will be forthcoming. 

W. G. BAIRD 

Project Engineer 
INTERNATIONAL BUSINESS MACHINES CORP. 


Two Ideas 
New York, N.Y.. 
. . I like the idea of such a journal. It is 
too much to hope that it would or could re- 
place the myriad informationa! services that 
are so time-consuming and so seldom reward- 
ing, but that have to be plowed through for 
the nugget that might be there; but it could 
replace some of that, and maybe a lot of it. 
I liked the first issue. I got two ideas out 
of it, both worthwhile. 
H. L. LOGAN 
Vice President Research 
HOLOPHANE Co., INC. 
Article Suggestions 
Syracuse, N. Y. 


. I would like to offer the following com- 
ments. The layout, printing, paper and gen- 
eral format appear very good. Your basic 
principle of a publication covering the methods 
of Research and Engineering seems very 
worthwhile. If I understand your primary 
purpose correctly, however, the technical ar- 
ticle entitled An [deal Component for Control 
Systems, the Book Review of echnical Books 
and Research Reports Section would go better 
in one of the existing technical magazines. 
Instead of the detail technical articles I be- 
lieve you should confine your copy to general 
methods and procedures. 

A few subjects I would like covered... 

1. Methods of recording engineering data; 

that is, notebooks as compared to loose leaf 

sheets, progress reports, etc. This article could 
elaborate on the various advantages and dis- 
advantages of the different methods and give 
several examples of the systems used by some 
of the larger companies. 

2. Methods of model construction, machine 
shop procedures, etc. as applied to engineering 
and research sections. This article could cover 
the advantages of a central model shop com- 
pared with individual machine shops and ma- 
chinists for small engineering groups. 

3. A central loan type instrument or tool 
section for a large engineering and research 
group as compared to individually owned and 
assigned instruments and tools. This could 
cover the advantages and disadvantages and 
examples of these two basic methods. It would 
include a discussion of a central instrument 
and tool development group as compared to 
individual group construction of special tools, 
instruments and measuring equipment. 

4. Central secretarial, stenographic and 
messenger service sections as compared with 
individual units. This would cover examples 
and once again advantages and disadvantages 
of the two general basic systems. . . 

FRED J. LINGEL 


Materials & Processes Lab 
GENERAL ELECTRIC COMPANY 


GENERAL COMMENTS 


Corning, New York 
. greatly interested in the the first issue... 
Would you... place me on your mailing list? 
H. R. KIEHL 
Associate Director of Research 
CORNING GLASS WORKS 


Ft. Monmouth, N.J. 
. was quite impressed by the quality of 
articles pertaining to research and engineering 
management. 
S. E. PETRILLO 
Director of Engineering 
SIGNAL CORPS ENGINEERING LABORATORIES 


Laurel, Miss. 
. have just received the first issue and wish 
to compliment you on the magazine. 
ROBERT M. BOEHM 
Director of Research 
MASONITE CORPORATION 


Cleveland, Ohio 
. have just received ... the first issue... 
and have happily noted the pertinence of 
several articles to our work here. 
E. C. HUGHES 
Chief Chemical & Physical Research Division 
THE STANDARD OIL COMPANY 


Culver City, Calif. 
. I would like to express my interest. If 
the same quality of this month’s material is 
maintained in succeeding issues, it promises 
to be a very informative publication. 
A. V. HAEFF 
Vice President & Director of Research 
HUGHES AIRCRAFT COMPANY 


Boundbrook, N.J. 
. Was very much impressed with the mate- 
rial contained ... in your first issue... 
JOSEPH H. PADEN 
Director, Research Div. Bound Brook Labs. 
AMERICAN CYANAMID COMPANY 


Dover, N.J. 
. have found its contents extremely inter- 
esting and very pertinent to the problem of 
management and engineering... 
GERRY WEINGARTEN 
Chief Applied Chem. Unit 
PICATINNY ARSENAL 


Laconia, N.H. 
. have just looked through a loaned copy of 
the new publication . . . should appreciate 
being included in the group of men in charge 
of research, development and design so that I 
may receive future issues. 
WILLIAM O. MC MILLAN 
Vice President Development Engineering 
Scott & WILLIAMS, INC. 


Brea, Calif. 
would appreciate receiving your new 
publication regularly ... 
DR. REX E. LIDOV 
Research Associate 
BREA CHEMICALS, INC. 


Midland, 


. the first publication I have seen which 
directed towards those who manage resear 
M. R. KINTER 
aa Chemist High Pressure Ls 
THE Dow CHEMICAL COMPANY 


Boston, May 
. very gratifying to have a publication wi 
such a refreshing approach to the broad su 
ject of research and engineering. 
REGINALD HARTL 
Chief, Standards Groy 
LABORATORY FOR ELECTRONICS, INC. 


Skokie, ] 
. have read with a great deal of interest n 
first copy ... will appreciate having my nar 
kept on your circulation list. 
WILLIAM C. KNOPF 
Manager Skokie Laborato: 
INTERNATIONAL MINERAL & CHEMICAL CC 
PORATION 


Richmond, V 
. . holds promise of being a very valual 
publication which will fill a very definite ne 
among research and development administy 
tors. 

ROBERT N. DU PUL 
Vice President-Resear 

Puiuip Morris & Co. Lrip., INc. 


Hollywood, Cal! 
. received first copy and am very favorab 
impressed .: . There is real need for a mag: 
zine such as this... 
MAURICE NEELES 
Director of Diversification 
Development 
TECHNICOLOR MOTION PICTURE CORP. 


and Resear) 


St. Paul, Min 

. would appreciate having my name add) 

to your mailing list as this publication wee 
prove beneficial to me. 
J. R. FAVORITE : 
Technical Director Duplicating Products Di 
MINNESOTA MINING & MANUFACTURING CO. 


Rumford, Mait 

. . have been very much impressed with tl 
first issue .. . and would like to continue r 
ceiving this magazine. | 
P. M. SCHAFFRAT 
Director of Rese 
OXFORD PAPER COMPANY 


West Hartford, Con 
. . have just had my attention called to tl 
first issue . .. wish to say it looks like a fir 
start. 
ALBERT M. DEXTER 
Manager Gage Research & Developnill 
PRATT & WHITNEY 


Hamilton, Ontar 
.. please add me to your mailing list... 
R. O. MORSE a 
Manager Research & Develo Lab 
WESTINGHOUSE COMPANY 
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the NEW Coleman Catalog 


: 


More than just a catalog . . . in addition to a complete listing of Coleman instruments and 
accessories, this new book contains useful brief descriptions of the most widely | 
used analytical systems. Included are complete discussions of theory and practice of Absorption 
Spectrochemistry, Nephelometry, Colorimetry, pH Measurement, Fluorimetry and Flame Photometry. 


Ready soon... write for your copy on your company letterhead. 


Coleman Instruments, Inc. Dept. F, 318 Madison St., Maywood, Ill. 


Developments in R| 


Eight Companies Plan to Build Nuclear Research Lab 


NEW YORK, N.Y.—Hight leading indus- 
trial companies plan to build and operate 
in the New York area the first nuclear 
reactor to be owned and- operated by 
private industry for research in industrial 
and humanitarian fields. 

The companies participating in the for- 
mulation of the plans include AMF 
Atomics, Inc., American Tobacco Co., Con- 
tinental Can’ Co., Corning Glass Works, 
International Nickel Co., Chas. Pfizer and 
Co., Inc., Socony Mobil Oil Co., Inc., and 
the U. S. Rubber Company. Other com- 
panies are expected to announce their 
participation shortly. 

The Industrial Reactor Laboratories, as 
the facility will be called, will be located 
on a 250 acre tract within commuting dis- 
tance of New York. Options have already 
been taken on two sites in New Jersey and 
New York within 50 miles of the city. It 
will cost between $1,500,000 and $2,000,- 
000. Final selection of the site is subject 
to clearance of the Atomic Energy Com- 
mission from which the reactor’s fission- 
able fuel will be obtained on a lease basis. 

Operation of the Laboratories, which are 
expected to be ready for use in the fall 
of 56, will be directed by a leading uni- 
versity,. according to policy set down by 
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a Board of Directors to be made up of rep- 
resentatives of participating companies. 
Ownership of the Laboratories will be 
vested in a corporation, each company hav- 
ing an equal stock interest. With this new 
facility, inquiry into the effects of radia- 
tion upon basic materials handled by these 
major concerns will be speeded up. Part 
of the reactor’s operating time will be 
offered for medical research. 

Each participating company will be free 
to perform its own industrial research un- 
der conditions that will protect its own 
discoveries. Purpose of their research will 
be the development of new products, or 
new methods in their manufacture that 
will be of widespread consumer benefit. 
Participating companies are expected to be 
from the metals, petroleum, electronic, 
rubber, glass, plastics, industrial and agri- 
cultural chemicals, pharmaceuticals, ma- 
chinery, tobacco, food packaging and other 
industries. 

General Walter Bedell Smith, chairman 
of the Board and president of AMF Atomics 
Inc. stated: “The existence and operation 
of the Industrial Reactor Laboratories will 
be a major step toward bringing to light 
currently unknown uses of the peaceful 
atom.” 


Proposed nuclear reactor will be of the “swim 
ming pool” type using uranium fuel surround d 
by water serving as a moderator, cooler a 
shield. 
amounts of neutrons and gamma rays, it 
also be a source of radio—isotopes. 


In addition to providing large-scal 


Plant Food Research : 
On Upswing ; 


STATE COLLEGE, PA.—Research in thi 
field of fertilizer production and man 
facturing techniques is going ahead to : 
extent never before dreamed about, J 
Albert Woods, president of Commercia 
Solvents Corp., reported to the Americ 
Society of Agronomy at the 75th Anni- 
versary Celebration of the Jordan So 
Fertility Plots at Pennsylvania State Uni 
versity. 

The search is on for new and iaprea 
methods of granulation, a lower cos 
process for the production of nitric i 
the further development of liquid ferti 
lizers, improved methods of nitrogen fix 
tion, the role that trace elements may ol 
in the utilization of the major elements, 
and the lowering of the cost of all raw 
materials, which only an improved tech- 
nology can tend to bring about. 

Ammonium nitrate, anhydrous ammonia 
and nitrogen solutions which were ae 


unknown as fertilizer nitrogen carriers 
years ago, dominate the nitrogen indust 
in this country today, Woods said. . 

He pointed out that plant food researc 
in the last 15 years has helped bring son 
a fourfold increase in the use of fer- 
tilizers—a growth twice as great as fo 
the 30 years prior to that time. 

He believes that the fertilizer indust 
will continue the same kind of intensive and 
active research that has spearheaded this 
amazing progress because plant food re- 
search will be accelerated and expanded in 
the years ahead. We can expect greate! 
production by this industry, higher analy- 
sis fertilizers and, in general, plant foods 
which will yield larger and better quali y 
crops. ‘ 


AEC Invites Proposal For 


Reactor Construction 
WASHINGTON, D. C.—The Atomic 
Energy Commission has asked in- 
dustrial firms interested in designing 
and fabricating a small nuclear re- 
actor for testing reactor cores to 
submit proposals for construction. 

The reactor, to be built at the 
National Reactor Testing Station in 
Idaho, will be a high pressure water- 
moderated and water-cooled type. 
Core tests will be conducted in the 
reactor under severe operating con- 
ditions as part of the Commission’s 
program for determining safe limits 
and developing reactor designs with 
maximum safety characteristics. 

Cost of such a reactor is estimated 
between $250,000 and $500,000. Firms 
indicating interest in the project to 
the AEC’s Reactor Development Divi- 
sion will be given an opportunity to 
submit proposals late in September 
1955. Delivery will be scheduled -for 
mid-1956. 


Monsanto Intensifies Plastics Research 


SPRINGFIELD, MASS.—Monsanto Chem- 
ical Company’s Plastics Division opened the 
laboratories of a new research building 
that. will permit sharp increases in every 
area of research. Harold W. Mohrman, di- 
rector of research for the division, said 
that the new three-story building, doubling 
the division’s research facilities, contains 
equipment for the “full spectrum” of re- 
search—exploratory research, process and 
product development, end-use research, in- 
tegrated research and technical service. 

One area of emphasis will be in applica- 
tion engineering studies: investigations of 
structural properties, fire or burning char- 
acteristics, weather resistance and end-use 
temperatures. End-use research is organ- 
ized to develop applications by industry 
groups, such as textiles, surface coatings, 
foundry resins, paper, food packaging, 
phonograph records and automotive safety 
glass. 

Basic research for the immediate future 
will include laboratory study of polymeri- 
zation mechanisms, poylmer structure and 
exploratory work on new type of resins. 


Soup-Can Gas Generator Produces 850 Jet HP 


CINCINNATI, OHIO—A gas generator 
hardly bigger than a can of soup, yet 


capable of producing about 850 jet horse- . 


power, has been developed by the General 
Electric Company’s Aircraft Gas Turbine 
Development Department. 

D. Cochran, manager of the Department, 
said the gas generator was developed for 
application to guided missile propulsion 
systems, but that it is ideal for many ap- 
plications where a portable, lightweight 
and reliable source of energy is required. 

Using no moving parts, the gas gener- 
ator converts liquid hydrogen peroxide into 
a high pressure, high temperature gas 
stream of free oxygen and steam. The jet 
may then be directed against a turbine 
wheel and the rotative power thus gener- 
ated may be used in the same manner as 
any turbine-generated power. 

Possible industrial applications of the 
gas generator include use as a source of 
energy for rotating machinery, as a thrust 
simulating device for static tests of air- 
plane or missile models, or as a quick and 
reliable source of steam. 


Thumb-Size Motor 


No larger than a man’s thumb, a little 
motor originally designed for use in the 
gyro component of G-E’s MA-1 compass- 
controlled directional gyro-compass system 
has been released for other applications. 

- Rated at 26 volts and weighing just 1.2 
ounces, it is °%” in diameter and 1.2” long. 
Its no-load speed is 21,000 RPM, and it 
s exceptionally high acceleration, stall 
rque and efficiency for a motor of its 


size and type. 

It is designed to withstand ambient 
temperatures in the range of —55° to 
+90°C when operated as a control motor 
and is built to provide. satisfactory per- 
formance at altitudes up to 60,000 feet. 
This two-phase, low inertia servo motor 
may be used in a wide variety of circuits 
to make possible accurate null-method 
measurements as well as to provide the 
power required to initiate control. 


Weighing less than 344 pounds, and 
only about 4” long by 3 in diameter, 
the gas generator produces about 
850 jet horsepower in its designed 
guided missile application. Jet hp 
from the same unit has been varied 
from as little as 50 to about 1800 by 
simply adjusting the incoming liquid 
flow rate. 


Monsanto has formed a structural plas- 
tics engineering group in its Plastics Divi- 
sion. A. W. Low, director of engineering 
said, “The new group, believed to be the 
first such specialized unit in the plastics 
industry is the result of a year-long explor- 
ation by the division of ways to fill the need 
for authoritative professional engineering 
information on the use of plastics in con- 
struction. 

“We believe the plastics industry has 
the opportunity and the obligation to take 
the lead—both internally and externally— 
in fostering the use of plastics as construc- 
tion materials according to sound engi- 
neering principles and, at the same time, 
to prevent their misapplication,” he said. 

In addition to coordinating structural 
plastics studies within Monsanto, the new 
group’s functions will include developing, 
correlating and publishing structural plas- 
tics engineering data and participating in 
technical and trade society activities and 
joint testing programs. Construction and 
evaluation of plastic structural component 
prototypes also will be undertaken. 


Believed to be the smallest 
, motor currently used on air- 
craft, G-E engineers predict 
that designers of instruments 
and servo systems will find it 
can be adapted to many other 
uses. 
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Manually-operated three 
hundred inch slide rule 
has its scales engraved on 
a pair of Neg’ator tapes 
(prestressed steel bands 
that are unwound from a 
coil by a constant force) 
with a precision of one 
part in ten thousand. 
Scales permit a calcula- 
tion of the form 
x= A sin 0 cos? 0 

to be performed with five 
place accuracy. 


Telephone-Size Desk Calculator 


Contains 25 Ft Slide Rule 


CAMBRIDGE, ~ MASS.— Accurate | slide 
rule calculations of trigonometric and 
other complex functions involving powers 
and roots can now be obtained with typical 
slide rule procedures. Ultrasonic Corpora- 
tion expanded the conventional scales to 
lengths of 25 ft and then reduced the 
overall size by engraving the expanded 
scales on drum-mounted constant-torque 
steel tapes. 

The idea of increasing the accuracy of 
the slide rule scales was an outgrowth of 
the design of the zone wind computer, one 
of seven computers which make up the 
U.S. Signal Corps’ Rawin Ballistics com- 

‘puter, a manually operated, mechanically 
driven unit containing a number of ex- 


| Stockpile of Unused Knowledge Diminishing | 


MADISON, WISC.—The national scien- 
tific ace-in-the-hole—a stockpile of un- 
used knowledge that is far ahead of its 
time—is faded and worn and only years 
of basic research will restore it. Conrad 
A. Elvehjem, dean of the graduate school 
at the University of Wisconsin and dis- 
coverer that pellagra is caused by a Vita- 
min B deficiency, said that the nation’s 
ratio of basic to applied knowledge is far 
behind what it was before World War II. 

He added that basic research scientists 
are no longer ahead of applied scientists, 
engineers and doctors who put new facts 
to practical use. Before the last war our 
knowledge of many things—the atom, for 
example—was far ahead of our knowledge 
of what we could do with such knowledge. 
Today no such hidden reserve of knowl- 
edge exists. 

We can build another bulwark of “use- 
less” facts only by increasing the ratio of 


12 


panded scales engraved on constant-torque 
tapes developed by the Hunter Spring 
Company. 

Ultrasonic is considering production of 
the desk calculator utilizing expanded 
scales of this type.. The company feels 
that both the manually and the electrically 
operated models of this device can be 
manufactured to sell at prices consider- 
ably below those of the conventional digital- 
entry desk calculators. The device can 
replace digital-entry calculators requiring 
the use of specially outlined procedures 
when applied to engineering calculations 
of the type that can be quickly performed 
on the slide rule. Costs will be significantly 
below that of digital calculators. 


basic to applied research, one of the pur- 
poses of universities and of research spon- 
sored by such organizations as the Na- 
tional Science Foundation, Elvehjem said. 

Elvehjem spoke to many of the nation’s 
leading scientists and mathematicians at- 
tending a conference at Wisconsin on the 
use of electronic calculating machines to 
solve problems in all fields of research. 

He said the major problem for the na- 
tion’s administrators is how fast we want 
to expand research. “We must have many 
years of great activity in basic research 
in order to restock our shelves of basic 
knowledge.” Elvehjem added that well- 
equipped and well-manned computing lab- 
oratories are an important adjunct to the 
scientific work of any large research cen- 
ter, and said that there exists a general 
feeling that more students should be 
steered into the study of mathematics and 
computer operation. 


Radioactive Waste May ; 
Provide Auxiliary Power 


Through Atomic Batteries 


NEW YORK, N.Y.— Radioactive waster 
from fission nuclear reactors used for power? 
production may in the future be employed! 
in atomic batteries to provide an auxiliary! 
power source, according to Dr. E. G 
Linder, research scientist of the Radio 
Corporation of America. | 

In a review of research on atomic bat- 
teries and other direct conversion devices) 
at the International Conference on Peace- 
ful Uses of Atomic Energy meeting in 
Geneva, Dr. Linder cited estimates to the 
effect that if all electrical power consumed: 
today in the United States were produced 
by nuclear reactors, the radioactive waste: 
material left over from this process would’ 
generate radioactive energy at the rate of 
400,000,000 watts, “which represents only) 
a few hundredths of 1 percent of the en- 
ergy consumed in the country. 

“This figure is further reduced because’ 
the radioactive energy could not be con-) 
verted into electrical energy with more’ 
than a few percent efficiency,” he said. 
However, he added: “In spite of these fac- 
tors, the power which might be available: 
is still a substantial amount, especially if 
it is compared to the total power supplied 
in the United States from the annual pro- 
duction of batteries, which is approxi- 
mately 2,000,000 watts... 

“Tt is evident ... that fission products 
cannot be considered as a possible princi- 
pal source of power; in fact, their avail- 
ability in large quantities is contingent 
upon the use of reactors as the principal 
source of commercial electric power. They 
should be considered rather as a possible 
auxiliary source of considerable magnitude, 
with a possible maximum roughly equiva- 
lent to that produced by batteries at the 
present time.” 

Dr. Linder’s paper was prepared in col- 
laboration with Paul Rappaport and J. J. 
Loferski, of the staff of the David Sarnoff 
Research Center of RCA at Princeton, 
N. J. The three were responsible for de- 
velopment of the experimental atomic bat- 
tery demonstrated in January, 1954. 

In the paper, the scientists stated that 
commercial radioactive power sources such 
as the atomic battery can be considered 
only for very low power applications until 
there becomes available a radioactive ma- 
terial of low cost, low quantum energy and 
a suitable half-life. In the absence of such 
an ideal material, the possible applica- 
tions lie only in the microwatt range of 
such devices as radiation meters, timing 
circuits and transistorized equipment. ’ 

However, they said, “it is to be expected 
that the practical energy level for commer- 
cial applications will gradually rise as 
radioactive material becomes plentiful.” 


OCHESTER, N.Y.—The first complete 
nalysis of an optical image, a technique 
that will permit speedier design of better 
enses, has been achieved in Kodak Re- 
search Laboratories through the develop- 
ent of new mathematical formulas. The 
cientific short-cut devised by Dr. Max 
Herzberger, who heads Kodak’s optical re- 
search, is essentially a way of analyzing 
the optical image and considering it as a 
superimposition of five simple types of 
images. He accomplished this by’ finding 
five simple types of image errors, from 
which he can synthesize the most complex 
optical image. As part of his research he 
also simplified a practical system of tracing 
skew or slanting rays of light through a 
lens so it can be used in routine calcula- 
tions. 

Until now, lens designers, using com- 
puting machines, have laboriously traced 
rays of light through a lens system during 
the design stage. Dr. Herzberger has re- 
duced this to the tracing of only nine rays; 
by projection with his mathematics, this 
is equivalent to tracing perhaps 1,000 rays. 

With his new technique, also, the Kodak 
scientist computes for the entire area of 
the lens. Previously lens designers traced 
light only through a cross-section of a 
lens system. : 

To achieve his complete analysis, some- 
thing sought by scientific workers during 
a century of optics research, Dr. Herz- 
berger first learned how to classify image 
errors for full aperture and for an ex- 
tended field. Types of errors describe de- 
grees of symmetry or asymmetry in the 
image. They also describe the amount of 
deviation in all directions. 

The method permits the designer to 
visualize how errors are balanced in a 
given system and thus guides the designer 


ew Math Formulas Speed Lens Design 


in his aim to obtain a better lens. 


Faster Films In Future 


Photographic film speeds may increase 
as much as 100 times in the next 75 years, 
according to Donald McMaster, vice-presi- 
dent and general manager of the Eastman 
Kodak Company. McMaster stated that in 
the 115 years since the invention of the 
daguerreotype the speed of the photo- 
graphic system has already been increased 
about one million times. In predicting 
speeds which photographic materials will 
attain in the future, he pointed out that 
even the highspeed films currently avail- 
able are not the ultimate. On the basis of 
recent discoveries in emulsion research, 
photographie scientists believe it may 
eventually be possible to increase film 
speed at least another 100 times. 

McMaster also made these additional 
predictions on future developments in the 
field of photography: film processing— 
both black-and-white and color—will be- 
come simpler and quicker; color picture 
quality will continue to improve and color 
film speeds will be faster; medical motion 
picture radiography will become widely 
used as a diagnostic tool for doctors. 

Estimates are based on developments 
currently in the industrial research labora- 
tories, on photographic needs and wants 
and on present directions of science and 
technology. 

Pointing out that the photographic in- 
dustry has grown at a faster rate than 
industry as a whole, the Kodak executive 
said, “I don’t think it is unreasonable to 
expect that photography will continue to 
expand faster as our economy expands, 
since its uses within this expanding econ- 
omy will increase, and other new uses 
will be found.” 


Du Pont Develops New Family Of 


Electrical Insulating Materials 


WILMINGTON, DELA.—A new family of 
electrical insulation materials highly re- 
sistant to solvents, oils and refrigerants is 
being produced in pilot plant quantities by 
the Du Pont Company Fabrics and Fin- 
ishes Department. For the first time it is 
now possible to use potentially inexpensive 
and chemically identical insulating mate- 
rials throughout a motor. 

“Lecton” acrylic resin wire enamel, glass 
fabrics coated with the resin and laminates 
of the coated glass fabric will withstand 
temperatures for extended periods above 
the minimum required for Class B insula- 
tion (130°C.). They can be used intermit- 
tently at temperatures up to 150°C. Dielec- 
tric properties of these acrylic materials 
are essentially unaffected by humidity. 

_ At present in the pilot plant stage, glass 


fabric coated with “Lecton” is being of- 
fered in experimental quantities in a 3 mil 
construction, 38 inches in width, to manu- 
facturers of electrical equipment at $1.41 
a yard. It is expected that the cost will be 
substantially reduced when demand justi- 
fies production in commercial quantities. 

“Lecton” enamel can be applied to var- 
ious glass fabric constructions as well as 
fabrics woven from other materials. Lam- 
inates of various thicknesses are available 
in test quantities for evaluation as slot 
liners, top sticks (wedges) and coil sepa- 
rators. “Lecton” acrylic resin wire enamel 
was the first acrylic offered wire manu- 
facturers and since its introduction on a 
trial basis in 1954, it has aroused consider- 
able interest as the result of tests in frac- 
tional horsepower motors. 


BOWSER, INC. 
finished 
in white 


The sparkling white finish of 
this home incinerator stands 


flash temperatures of as 


neh 25 S50°F.| 


It’s 


Sicon 


Silicone Coating 


SICON withstands the shock of 
high heat combustibles without 
peeling or blistering. Retains 
luster and beauty over long pe- 
riods of time. Now used on all 
‘INCINOR models. SICON, the orig- 
inal silicone finish, has proved 
best for a long list of other na- 
tionally known products. 
WRITE FOR 
BULLETIN ‘531 


Sicon 
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Engineers’ Starting Salaries Still Increasing 


CHICAGO, ILL.—Starting salaries for be- 
ginning engineers-continue to increase at 
Illinois Institute of Technology, according 
to figures compiled by Earl C. Kubicek, 
director of alumni relations and placement. 
They show that the starting pay of the 
1955 June engineering graduate with a 
bachelor of science degree climbed to $381 
per month, as compared to the $363 re- 
ceived by the 1954 June graduate. 

The figure is a drop from the all-time 
high of $383 received by the 1955 January 
engineering class. But, Kubicek pointed 
out, the differences in the size of classes 
and other factors account for the invari- 
ably higher starting wage received by mid- 
year grads. Averages, based on the starting 
salaries of combined June and January 
graduating classes at IIT, have increased 
every year since 1949 when the average 
was $282 per month, Kubicek said. In 1950: 
it jumped to $288; 1951, $295; 1952, $328; 


Synthesis of Cytisine Uncovers 


MADISON, WIS.—Two University of Wis- 
consin chemists revealed that they are the 
first to synthesize the extremely poisonous 
alkaloid, cytisine, a feat which various 
chemists have been attempting to accom- 
plish since the early 1930’s. The chemists 
are Prof. E. E. Van Tamelen and John 
Baran, a graduate student in the Uni- 
versity of Wisconsin chemistry department. 

Cytisine is so poisonous that it is of 
little practical value, but its synthesis is 
important because a chemical hurdle in 
the synthesis of certain types of compounds 
has now been jumped. Synthesis of simi- 
lar alkaloids, some of which are useful, 
probably can now be accomplished. In addi- 
tion, all of the intermediate compounds 
obtained at various steps in the synthesis 
are new to science and can be tested for 
their usefulness. 

Cytisine is a member of a family of 
alkaloids known as lupinanes. Most lupi- 
nanes contain molecules with a unique 
unsymmetrical, bridged structural system. 
It was hitherto not possible to synthesize 
this system; other alkaloids have been 
synthesized, but never a member of this 
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1953, $362; 1954, $368, and 1955, $382. 

For the first time, starting salaries of 
specific categories of engineers topped the 
$400 mark, with 1955 June electrical en- 
gineers receiving $416 and metallurgical 
engineers getting $404. 

A year ago electrical engineers received 
$386, as compared to $390 in January, 1955. 
Metallurgical engineers received $377 in 
June, 1954, and $397 in January, 1955. 

“One of the more noteworthy trends 
pointed up by the latest survey is the de- 
sire by organizations to secure a greater 
number of engineering graduates for even- 
tual advancement to managerial and su- 
pervisory positions,’ Kubicek pointed out. 

He said the move in that direction was 
underscored by the increasing demand on 
the alumni section of the IIT placement 
office by industry for experienced Illinois 
Tech engineering alumni for executive 
positions. 


New Compounds 


type. In their synthesis, the chemists begin 
with a cheap and simple coal-tar product 
known as alpha-picoline and build cytisine 
in 11 steps. 

Cytisine is found naturally in certain 
leguminous plants, commonly known as 
gorse, broom and laburnum. Ancient peo- 
ples knew these plants to be extremely 
poisonous, and this quality was quick to 
arouse the curiosity of chemists, who iso- 
lated the poisonous substance as early as 
1865. In the early 1930’s, two groups of 
scientists, one led by H. R. Ing in England, 
the other by Ernest Spath in Austria, 
simultaneously worked out the chemical 
structure of cytisine, showing that it is 
one of the complex lupinanes. 


Since 1930, scientists in various parts” 


of the world are known to have attempted 
to synthesize the white, crystalline sub- 
stance. Prof. Van Tamelen and Baran be- 
gan their work less than two years ago. 
The two scientists point out that while the 
work is essentially in the realm of basic 
research, the knowledge gained undoubted- 
ly will be of value in the synthesis of other 
related substances, some useful to man. 


_Fluorine’s Reactive Energy 


Harnessed In 
Chemical Cutting Tool 


HOUSTON, TEXAS — The tremendo 
energy potential bound up in elementa! 
fluorine and in halogen fluorides now has 
its first big industrial use. Combining 
their talents, McCullough Tool Company 
designers and Pennsylvania Salt Manu. 
facturing Company chemists have come 
up with a streamlined tool for cutting and 
perforating steel pipe miles below the su 
face of the earth. d 
The chemical is contained in a hea 
walled cylinder equipped with a pressuri 
ing chamber and a firing head with ap- 
propriately spaced orifices. The assembly, 
lowered into an oil well, is positioned ac 
curately and held against powerful thrusts 
by specially designed latches. Upon elec- 
trical impulse through the electronic panel 
and conductor cable, the chemical is ejected 
under enormous pressure against the inner 
pipe wall, which it penetrates in a fraction 
of a second. 
By changing the placing of the openings, 
the tool makes a clean cut, with none of 
the objectionable flaring produced by previ- 
ously used explosive methods. It also per- 
forates a smooth, burrless hole. 
The story behind this achievement covers 
a span of several years of cooperative 
effort and involves a fruitful union of 
mechanical design with chemical science, 
The specific collaborators were McCul- 
lough’s W. G. Sweetman, Director of Ex- 
plosive Research, and Pennsalt’s John Gall, 
Henry Miller and Fred Loomis. ¥ 
Sweetman, seeking to overcome limita- 
tions of mechanical, gun and explosive jet 
tool devices for use in the narrow con- 
fines of a well bore, conceived the method 
of combining the reactive properties of 
fluorine and its more reactive compounds. 
He found he could greatly accelerate the 
rate of release of maximum amounts of 
energy by the application of pressure and 
concentrate it at the points to be attacked, 
Pennsalt aided him in the selection of 
the compounds best adapted for his pur- 
poses and in the solution of the various 
problems necessarily associated with at 


aging, loading, storing and handling o 
the highly reactive compounds. 

The chemical cutter for 2” and 214” 
tubing has operated successfully in com- 
mercial operations at depths of a few hun- 
dred to many thousand feet. In addition 
a chemical-cutter for casing has been de- 
veloped and will be available for com- 
mercial use in the near future. Halogen 
fluoride perforating tools have already been 
designed which show distinct advantages 
over present bullet and jet perforators. Re- 
search also is being conducted on the de- 
velopment of a tool for drilling wells 
through extremely hard formations, ar 
operation which is now slow and expensive 
with diamond bits. ; 


srrophosphorus Aggregate 
implifies Atomic Cell Design 


TICAGO, ILL.—Development of ferro- 
Osphorus as an aggregate for concrete 
ed in protective shielding of atomic hot 
ll installations was disclosed by Victor 
emical Works. The development simpli- 
s the construction of nuclear hot cells, 
e number of which is rapidly growing 
more and more university and indus- 
ial research centers move into atomic 
spired research and engineering experi- 
sntation in many product fields. 

Because of the necessity for close super- 
sion of work within a hot cell, both 
sually and mechanically, the thickness 
the protective walls which shield the 
dio-active materials is of extreme im- 
rtance. The thinner the wall, the easier 
e operation. Engineers and scientists 
us have been under pressure to develop 
e greatest possible protection with the 
innest possible walls. 

Nearly any dense material, according to 
ctor engineers, is considered a good 
sorber of radiation. Many different ma- 
rials were tested. Ordinary concrete with 
density of only 150 pounds per cubic 
ot proved undesirable because hot cell 
ielding walls of it would have to be six 
eight feet in thickness. Low grade iron 


ore and other ores such as barytes were 
tested but the maximum obtainable density 
was only between 200 and 220 pounds per 
cubic foot. Scrap steel, shot and steel 
punchings produced a dense concrete, but 
segregation in such mixes occurred, seri- 
ously affecting the workability of the mix. 
In some tests rusting was found which 
caused deterioration in the strength of the 
finished shield. 

Ferrophosphorus, however, produced a 
density of 290 to 300 pounds per cubic foot 
and showed excellent workability and no 
segregation in working, pouring or setting. 
Being a chemically inert material, the re- 
sulting concrete protective shields are in- 
soluble in acids and will not rust, thus 
bringing about trustworthy and long lived 
protection from the effects of radiation. 

Victor ferrophosphorus, in the original 
chemical form in which it is produced at 
the three Victor plants, is crushed and 
sized to special particle size distribution 
which permits it to be mixed in standard 
concrete mixing equipment with water and 
ordinary Portland cement. The resulting 
concrete, although twice as heavy as ordi- 
nary concrete, is easily workable, trans- 
portable and pourable. 


ayonier Builds Research Center 


EW YORK, N.Y.—Rayonier Incorporated 
ill establish a new research center on an 
-acre site at Whippany, N.J. as a further 
pansion of its scope of research. Dr. 
rthur N. Parrett, vice president in charge 
research and development, said that the 
emical cellulose firm now has its research 
cilities concentrated at Shelton, Wash., 
here 150 scientists and technicians are 
aployed in its Olympic Research Division. 
1e New Jersey expansion will further 
oaden their basic cellulose studies. 

Dr. Parrett noted that while develop- 
ent of new and improved cellulose-base 
ers, films and plastics has been in prog- 
ss for many years, intensely accelerated 


research activity is underway throughout 
the world. “A new optimism exists that 
cellulose products derived from wood can 
be developed on a broad scale to fill large 
markets yet untouched and meet compe- 
tition from other synthetic products,” he 
said. Rayonier believes that its expanding 
research will initiate and contribute to 
growth in industries interrelated in the 
production of cellulose products. 

Dr. Parrett pointed out that Rayonier’s 
research objectives are to cover the basic 
technology of chemical cellulose and its 
conversion to end-products such as tire 
cord, cellophane and new types of cellulose- 
base fibers. 


lew Surge Test For High Voltage Transformers 


ILWAUKEE, WISC.—A new test for 
wer transformers, 115 kv and higher 
itching surge strength, simulates the 
ost severe surges that can occur in nor- 
al use and will eliminate the one remain- 
g major unknown factor in transformer 
sulation strength. 

According to Allis-Chalmers engineers, 
cent improvements in lightning arresters 
we made it advantageous to purchase 
wer insulation level transformers for 
any applications. Reduction of excessive 
sulation strength without some means of 
oving the transformer’ s ability to with- 


held back acceptance of these lower 
strength and lower priced transformers. 
Now, in addition to the standard 60- 
cycle, full wave, chopped wave and steep 
wave impulse tests, all large high voltage 
power transformers can be given a 3000 
microsecond high frequency surge approxi- 
mately 25 to 30 percent greater in value 
than the lightning arrester rating. Thus 
330-ky units will be surged at 930 kv. 
A-C states that the test is one more 
step in the establishment of realistic in- 
sulation levels for high voltage transform- 
ers. The final goal is adequately protected 
transformers at considerably lower .cost. 


Drom 


‘detectolab 


new versatility 

in a fast-slow 
coincidence circuit 

DETECTOLAB DZ4 


Fast-Slow Coincidence Circuit 


The DZ4 is an improved design over 
previous models developed at the 
ORNL. This improved design has 
short resolving time, yet permits 
use of single and multi-channel an- 
alyzers having considerable time 
uncertainty. Resolving time re- 
mains extremely constant for many 
days. It has excellent flexibility of 


input requirements in the slow 
channels and imposes only reason- 
able requirements on the fast inputs. 


NEW! 
medical spectrometer 
DETECTOLAB DZ21 


Francis-Bell Spectrometer 


This instrument isa combination linear 
amplifier, count rate meter, high volt- 
age supply and single channel pulse 
height analyzer. It is ideal for thyroid 
uptake work and brain tumor scan- 
ning, counting Chromium or Iodine 
in the presence of the other. 


Complete Specifications Sent Upon Request 


Quality 
it COUNTS 


6544 Ne “gnenaan Road 
Chicago 26, Illinois 


an affiliate of Borg-Warner 
Corporation 
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Extensive Applications 


Predicted For 


High-Molecular-Weight Polyethylenes 


MAPLE HEIGHTS, OHIO—The next two 
years may see one of the greatest trans- 
formations in structural and fabricated 
parts with the use of the new polyethy- 
lenes. 

Volume production of the High Tempera- 
ture resins should start during 1956. Kop- 
pers Company expects to have its Kobuta, 
Pa. plant in operation this fall and in full 
production of resin by the Ziegler method 
in the spring. Also scheduled for spring 
operation is the South Charleston, W. Va. 
plant of the Bakelite Company, a division 
of Union Carbide and Carbon Corp. Du 
Pont expects production at its Orange, 
Texas plant during the fall months. Both 
Du Pont and Bakelite are Ziegler licensees 
as is Monsanto and several others. At least 
five companies have been licensed by 
Phillips. 

Dr. J. A. Neumann, president and di- 
rector of research of Cleveland’s American 
Agile Corporation points to the recently 
developed polyethylenes and the new plants 
which will produce them as being indica- 
tive of industry’s swing to plastic struc- 
tures. 

“What industry has looked for and what 
is now being produced is a polyethylene 
with great rigidity which can withstand 
relatively high temperature and which has 
high tensile strength. These characteristics 
have been embodied in the new materials 
and make it possible to produce structures 
and fabrications which heretofore were 
impossible. 

“Structures of the older polyethylenes 
were produced and used by industry suc- 
cessfully, but the applications were limited 
because of the lower tensile strength and 
the lack of rigidity and ability to with- 
stand temperatures normally required for 
standard sterilization,’ Dr. Neumann said. 


Structural Properties Improved 


These failings have been rectified when 
simultaneously and independently the 
Phillips Petroleum Company and Dr. Karl 
Ziegler of Germany’s Institute for Coal 
Research evolved processes for the produc- 
tion of a high-molecular-weight polyethy- 
lene with the characteristics desired. 

Both the Phillips and Ziegler processes 
can produce the new resins without the 
very high pressures and temperatures re- 
quired with the previous polyethylene. Each 
process uses a different catalyst. 

Phillips’ product has been called Marlex 
50; those produced by the Ziegler method 
are marketed under trade names selected 
by the licensees. American Agile dif- 
ferentiates between its converted resins 
by calling the older material Agilene LT 
(low temperature, low tensile) and Agilene 
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HT (high temperature, high tensile). 

Tensile strength of the HT is 6000 p.s.i. 
as with the maximum strength of one- 
third of that for the LT. The former can 
withstand continuous temperatures. of 
250°F. while LT cannot be used continu- 
ously above 170°F. and will soften at 
aed WSs 

While the emphasis has always been 
placed on the high temperatures the ma- 
terials will withstand, it should also be 
noted that the HT will not become em- 
brittled at —170°F. while LT does em- 
brittle at —60°F. 

Rigidity, an important factor in struc- 
tural uses, reveals that the HT stiffness 
modulus has gone to 150,000 p.s.i. for the 
HT, while that of the LT material has 
registered 30,000 p.s.i. 

Such comparison figures were indicated 
in all the other tests made between the two 
types of polyethylene. For example, pipe 
burst strength of the new material is 
three to four times greater than that of 
the LT, and the same ratio is evident when 
deformation tests under pressure are con- 
ducted. Again the ratio is evident for 
gas and vapor transmission of the mater- 
ials. Stress crack resistance is greater as 
is chemical resistance. Elongation tests 
on HT have run as high as 120%. 

“Actually, the range of the HT is un- 
limited because we have indications that 
its temperature range may even approach 
500°F., although our tests are not yet com- 
pleted,” Dr. Neumann said. ‘“‘When we took 
the LT and subjected it to high energy 
irradiation, we were able to increase its 
melting point and its tensile strength and 
generally heighten all its other charac- 
teristics. We presently are making similar 
tests with the HT and so far have every 
indication that its tensile strength, elonga- 
tion and temperature resistance will be 
increased. Stress cracking is completely 
eliminated. 

“One material will not supplant the 
others. Rather each will lend itself to the 
special job to be done. Actually, the limit 
of the products will be based on the limit 
of our own imaginations,’ he continued. 
“Because of the lighter weight and greater 
rigidity offered by the HT over the LT, 
we can now build even larger and stronger 
structures than we have before. What limit 
we will have with the irradiated HT re- 
mains to be seen. 

“Comparatively, polyethylene is still an 
infant, but its impact on industry will be 
vast in the next two years. I’d like to 
borrow an old expression ‘keep your eye on 
it’ because it will become a most important 
fabricating material,” Dr. Neumann con- 
cluded. 


Cemented Oxide-Base 
Cutting Tool Perfected 


DETROIT, MICH.—Successful initial ¢ 
velopment of a cemented oxide-base 
ting tool material is reported by G- 
Carboloy Department. Still in laborator 
stages, it represents Carboloy’s endea 
to keep pace with high speed machin 
currently under development by the ma 
chine tool industry. 

Lab tests of the new tool material, ac 
cording to Carboloy engineers, indicate i 
provides good tool life at speeds of 200 
feet per minute. At a feed of 0.005-inch 
and depth of cut of 0.100-inch at tha 
speed, the tool lasts 27 minutes in machin 
ing 1045 steel, annealed to 170 Brinell. — 

The new cutting tool under developmen 
since 1951, is made entirely of inexpensiy 
materials, a factor which may possibl; 
help lower tooling costs. Present cuttin; 
tools include such materials as tantalum 
tungsten and cobalt, materials which are ij 
relatively short supply, especially durin 
times of emergency. 

Carboloy engineers point out that th 
new laboratory developed material is brit 
tle, more susceptible to cracking than car 
bides and includes properties which mus 
be thoroughly understood by the tool de 
signer to take advantage of its capabilli 
ties. They also pointed out that if the ney 
tool material can be successfully fiel 
tested after leaving the laboratory, it ma 
extend finishing ranges in machining 1 
areas beyond those now used. The ne 
material will supplement carbides, muce 
in the same way carbides supplemente 
high speed cutting tools about 15 years agt 


Gas Density Balance 
Uses Null Principle 


SOUTH PASADENA, CALIF.—A new ga 
density measures the density of a samp! 
gas by a unique null balance principle. . 
small dumbbell is supported on a hor 
zontal quartz fiber. One ball of the duml 
bell is punctured so that it will not e 
perience buoyancy effects. The other ba 
tends to rise or dip as the density of th 
gas increases or decreases. Thus, the dum 
bell creates a rotational force -about th 
quartz fiber as it responds to densit 
changes. The magnitude of this force | 
proportional to the density of the “q 
gas. 
The dumbbell is metal coated to 

it conductive and is held in place by 
electrostatic force established with adj 
electrodes which are held at a fixed po 
tial. When the dumbbell rotates, it is 
stored to its null position by applying 
proper électrostatic potential to its surf 
The magnitude of the balancing poten 
necessary is proportional to the densi 
the sample. This article is marketed 
Arnold O. Beckman, Inc. N 
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Materials for the Future 


GE’s New $5 Million Research Facility Will 
Concentrate on Metals and Ceramics. 


;CCHENECTADY, N.Y.—“We still don’t 
now why Alnico makes as good a magnet 
s it does. We know what it does but not 
vyhy it does it. And we’re unhappy when 
ve make a product without understanding 
verything about it.” This comment by J. 
’. Holloman, manager of GE’s Metallurgy 
nd Ceramics Research Department, re- 
ects an important set of attitudes applied 
n GE’s metallurgy and ceramics research. 
We do not set out to develop a specific 
roduct or process; we study the behavior 
f metals and ceramics. The result is in- 
vitably new products and processes of 
road industrial application.” 

Dr. Holloman listed 5 objectives of the 

ew research laboratory at The Knolls: 

1. To analyze areas of most critical need 
for materials and processes. 

2. To find out what knowledge is needed 
to solve problems in these areas. 

3. To study existing materials and ob- 
tain a better understanding of their 
properties and processes. 

4. To apply a better understanding of 
the “hows and whys” to the develop- 
ment of new materials and processes 
for the improvement of existing prod- 
ucts and the development of new ones. 

5. To operate pilot plants and obtain 
economic data in the development of 
new processes for new businesses. 

According to Dr. Holloman, the ever-in- 

reasing diversity of the Company’s needs 
las necessitated the expansion of the fa- 
ilities with which these objectives were 
complished in the past. 


Factory-Size Laboratory 
for Factory-Size Research 


The new building with more than 75,000 
quare feet of floor space seems more like 
, factory than a laboratory. Since ideas 
or new materials and processes frequently 
ome from the “pencil and paper” and “test 
ube” work done in the basic research 
reas, many of the things the Company’s 
perating components must know before 
hey can take advantage of these new ma- 
erials and processes can be learned only 
yy trying them on a scale approaching 
etual industrial conditions. Thus, a build- 
ng capable of doing this necessarily must 
e nearly factory size. 

However, there is an obvious difference 
tween this facility and a factory. Here 
he standard equipment as well as the spe- 
ial equipment is operated under laboratory 
Onditions, with emphasis on measurement 
nd control, and freedom from production 
chedules. 

: These pilot operations also must be of a 
ransitory nature, the scientists explain. 
deas do not come to the new building to 
tay—they are either forwarded on for 


actual use or sent back to the basic re- 
search scientists for further investigation. 
Then the building must be readily adapt- 
able to the next project. 

The new Metals and Ceramics Building, 
therefore, has an internal structure like an 
“erector set’, permitting quick assembly 
and easy alteration as a process is developed 
and perfected. Thousands of bolting holes, 
aligned throughout the building from floor 
to roof provide the required versatility. 
Huge traveling cranes can lift new struc- 
tural members into place and move heavy 
apparatus into more convenient locations, 
all on surprisingly short notice. 

Power supplies and service facilities have 
been distributed on a “modular” arrange- 
ment to permit flexibility. Services avail- 
able on a “turn the handle” basis include 
compressed air, high and low pressure 
steam, city gas, nitrogen, oxygen, standard 
hydrogen, dried hydrogen (—90° dew 
point), rough vacuum, distilled water, cool- 
ing water and hot and cold tap water. 


Scientists Helped Design Equipment 


Research Laboratory personnel collabo- 
rated closely with machine designers to 
obtain equipment capable of performing 
the desired “‘conventional”’ operations with 
uncommonly strong “unconventional” ma- 
terial. The 10-inch and 16-inch rod mills 
are examples of specially-designed equip- 
ment. They deform super-strong alloys by 
performing their operations very rapidly. 
Pieces of metal initially at a very high 
temperature are thus reduced to final size 
before they cool to a temperature where 
the extreme strength properties are real- 
ized. One reduction mill, so new it is still 
unknown to many metallurgists, has been 
installed at the new building. Called a 
“planetary mill” because of the unique 
arrangement of rolls, it is capable of re- 
ducing inch-thick slabs of metal to a one- 
eighth-inch ribbon in one quick operation. 


Researchers Have Full Responsibility 


Each of the operations of the processes 
laboratory is headed by a member of the 
technical staff, who is assisted by metal- 
processors trained in skilled operations and 
by laboratory assistants who follow and 


*guide the work. This organizational ar- 


rangement places the responsibility for the 
work squarely on the shoulders of the scien- 
tists, and thus guarantees that the most 
comprehensive technical understanding is 
applied to every project. 

Metallurgy and Ceramics Research is 
one of four research departments at G-E 
Research Laboratory; the others are 
Chemistry, General Physics and Electron 
Physics. 


MISSILE 


SYSTEMS 


! 


Physicists and 


Engineers 


New developments at 
Lockheed Missile Systems 
Division have created 
positions for physicists 
and engineers of 


outstanding ability in: 


ANTENNA DESIGN 
COMPUTERS 

SYSTEMS ENGINEERING 
COMMUNICATIONS 


TELEMETERING 


ELECTROMECHANICAL DESIGN 


TEST EQUIPMENT DESIGN 
INSTRUMENTATION 


RADAR 


AERONAUTICAL ENGINEERING 


STRUCTURES ENGINEERING 
STRESS ENGINEERING 
NUCLEAR PHYSICS 
MECHANICAL ENGINEERING 
OPERATIONS RESEARCH 


MISSILE SYSTEMS DIVISION 


research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION 


VAN NUYS ¢ CALIFORNIA 
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ULTRASONICS 


The past few years have witnessed the extraordinarily 
rapid growth of a new industry entirely devoted to making 
practical use of mechanical vibrations occurring at fre- 
quencies above the audible range. The term “ultrasonics” 
best describes the acoustical boundaries involved. 

The techniques of testing and processing materials by 
ultrasonic energy have become so perfected that applica- 
tions are in prospect for virtually every sector of science 
and industry as well as the home, the doctor’s office and 
the dentist’s chair. Current applications are so many and 
so well accepted that they are worthy of study by research 
and development engineers interested in the improvement 
and development of products and processes. 

For the most part, ultrasonic devices are used in con- 
junction with liquids or solids in liquid phase. Such devices 
may be separated into two broad classes of equipment char- 
acterized either by the presence of, or the absence of, 
“cavitation” induced by high intensity sound waves. Cavita- 
tion, or “cold boiling”, may be set up in liquids when 
the applied sound pressure is of sufficient amplitude to 
cause continuous rupture of entrapped vapor bubbles. The 
forces developed in the immediate locale of such collapsing 
bubbles are in the order of several hundred atmospheres 
pressure even though only a fraction of this pressure is 
required to initiate the process. 


Two Major Categories 


When cavitation is purposely developed, for example, to 
clean metal, glass and plastic parts which are immersed 
in solvent er detergent solutions, the soils, greases, chips, 
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burrs, grit and other contaminants are literally torn awa} 
from the work by the tremendous forces associated with 
the cold boiling. Similarly, ultrasonically agitated dye 
stuff is dispersed to micron size by the collision forces 0! 
cavitation and is simultaneously propelled at high velocity 
into the deepest recesses of the fiber or fabric. As one 
would imagine, the addition of cavitation to textile wel 
finishing, and chemical processes as well, will yield far 
quicker and more uniform results at lower temperature: 
than ordinarily employed. Cavitation is, therefore, the 
modus operandi associated with practically all under. 
liquid ultrasonic applications. 

On the other hand, ultrasonic gaging and inspectior 
systems and other instrumentation generally operate al 
lower sound pressures which are below the so-callec 
“threshold of cavitation”. The familiar sonar equipment 
and the related depth sounders, fish locators and liquic¢ 
level gages transmit pulses of moderate power which re 
turn as echoes some intervals to be measured later. Shoule 
the power deliberately be raised past the threshold of cavi- 
tation, the long distance performance would be severely 
limited by the scattering effects of the cavitation bubble: 
on subsequent sound waves. Thus, even though the soun¢ 
energy may be increased in a liquid past cavitation level 
the effective coverage of such ultrasonic instruments maj 
Le severely curtained. : 

In all ultrasonic processing systems using cavitation 
there are marked similarities between the components re 
quired. In every case there is the need for an appropriate 
driving source and at least one transducer to convert otn@ 
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lectrical, mechanical or hydraulic energy into sound waves. 
\Ithough the electro-acoustic transducer is presently find- 
ng the widest range of applications as a result of its 
bility to handle large amounts of power, purely hydraulic 
nd mechanical transducers will undoubtedly find a widen- 
ng range of applications in the future as their develop- 
1ent progresses. 


fasic Techniques 


Cavitation sets up in liquids under the action of a suffi- 
iently intense sound source. If the power level is such 
hat pressure amplitudes exceeding the hydrostatic pres- 
ure are deyeloped for part of a cycle of applied alternat- 
ng energy, the net external pressure becomes negative 
uring the remaining part of the cycle, and collapse of the 
ntrapped vapor bubbles takes place. This “cold boiling” 
ondition may be produced in room temperature water by 
mploying sound pressures above 4% watt/cm*. The degree 
f cavitation induced by exceeding the threshold power 
oes not increase linearly with applied power because of 
he so-called scattering effect, and, therefore, there is a 
oint of diminishing returns beyond which an increase in 
ower is no longer economical. Cavitation is most intense 
t the source of sound energy where it acts as a shield to 
uecessive sound vibrations. Fortunately, it is possible to 
enerate copious cavitation some 6 to 12 inches away from 
he radiating face of a transducer despite losses set up by 
cattering, so that coverage need not be unduly restricted. 
rroups of strategically placed transducers are thus re- 
uired to irradiate a large area with cavitation streamers. 
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The total power required, for example, to irradiate a 
surface measuring 100 cm* with cavitated water must be 
at least 30 watts and is generally selected to be from 
five to ten times this value for a margin of. safety. Liquids 
of higher viscosity require more power to reach the cavita- 
tion threshold. Also, cavitation is more difficult to achieve 
if the liquid is under the influence of externally applied 
pressure. The proper selection of an ultrasonic processing 
system requires a complete knowledge of the liquid in- 
volved and its viscosity as well as the processing tempera- 
ture and applied pressure. The power levels used and the 
number of transducers will then be determined once the 
operating frequency has been selected and the various fac- 
tors determining threshold power considered. Frequency se- 
lection is important because the process may best be carried 
out at low or high frequencies and because more power is 
needed for cavitation above 10 kilocycles. Over ten times the 
power needed at 10 kilocycles is required to cavitate water 
at 400 kilocycles. Despite the need for excessive power, 
higher frequencies are frequently used in degassing, coagu- 
lating and dialyzing work which require maximum fiuid 
particle acceleration, and in some cases, sharp beam focus- 
ing and high energy absorption. On the other hand, since 
sound energy is vibratory in nature, fluid particle displace- 
ment is a maximum at lower frequencies; thus larger ob- 
jects can be cleaned or treated without shadowing effects, 
thereby eliminating the need for rotating the work as is 
necessary when higher frequencies are used. 

Electro-acoustic transducers fall into two general groups: 
magnetostrictive and piezoelectric. In both cases, electrical 
driving energy is transformed into sound energy. In the 
magnetostrictive type, sound energy is developed by passing 
an alternating current through a coil surrounding a mate- 
rial whose actual dimensions change under the influence of 
a magnetic field. Usually, the material is nickel or a nickel 
alloy displaying a large change in dimensions per unit 

Continued on page 22 
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MODERN INDUSTRIAL ULTRASONIC TECHNIQUES 


Cleaning and 
Degreasing 


Ultrasonics is finding widespread use in 
rapid cleaning because of the inherent ca- 
pability of cavitation to reduce almost in- 
stantaneously the surface tension of cling- 
ing soils not only on visible surfaces but 
in the deepest recesses, blind holes and 
voids. Also, cavitation emulsifies greases 
and oils to assist in soil removal, particu- 
larly in a non-toxic water detergent solu- 
tion. The violent motion of the liquid im- 
parts a surface scrubbing action that ex- 
pedites cleaning. Typical ultrasonic systems 
in present cleaning use are rated in power 
from 50 watts for a single transducer set 


‘to 150 kilowatts for a multiple transducer 


array, with the range of product size from 
transistors and hypodermic needles to com- 
plete automobile engine blocks. When ultra- 
sonics is added to existing vapor-degreas- 
ing and solvent washing machines, the re- 
sultant improvement in cleanliness and the 
reduction in time amortizes the additional 
equipment expense in a matter of months. 
Ultrasonic cleaning, of course, lends itself 
to complete automation. Conveyorized ul- 
trasonic systems have found universal ac- 
ceptance in the metalworking industries. 


Two techniques are presently in use for 
ultrasonic thickness testing. The pulsed- 
type equipment functions on principles sim- 
ilar to radar by measuring the elapsed 
time required for a burst of sound energy 
to pass through a material from one sur- 
face to the opposite face and back again as 
an echo. Since the velocity of propagation 
for the material usually is known or can be 
measured with a sample of the same mate- 
rial having known dimensions, the thick- 
ness of the gaged piece can readily be de- 
termined knowing the transit time. A sec- 
ond type of equipment employs a variable 
frequency oscillator that is tuned until a 
standing wave of sound energy is set up in 
the material. Because the frequency and 
wave length are related to the sound veloc- 
ity, it is possible to determine thickness of 
the material once the frequency is such that 
resonance is established. Both types of in- 
struments are extremely useful in gaging 
wall thickness of objects having an inacces- 
sible far surface and for locating flaws 
within intricate assemblies. Typical appli- 


Non-Destructive 
Testing 


cations include the determination of stor- 
age tank wall and hull plate thickness, pipe 
dimensions and location of casting flaws 
and blowholes. The effects of rust damage, 
erosion and corrosion may be observed to 
insure adequate remaining thickness of ma- 
terial for the pressures involved. 

Fatigue testing of engineering materials 
may be performed more expeditiously 
through ultrasonic techniques which also 
offer a higher degree of accuracy in the 
determination of endurance limits under a 
variety of combined stresses. High local 
forces may be developed in samples by us- 
ing point-source transducers placed in di- 
rect contact with the work. Particle ac- 
celerations exceeding several thousands Gs 
are readily achieved. The combination of 
these two effects brings rapid destruction 
of materials in a small readily observable 
area of test sample. One of the advantages 
of ultrasonic fatigue and strength determi- 
nation techniques is that bulky compression 
and tension-type hydraulic testing machines 
are no longer required, because highly ac- 
curate results may be obtained ultrasoni- 
cally and on smaller samples. 
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NX Drilling and 
Grinding 


CA 


Ultrasonic drills employ a tool-shaped trans- 
ducer, or vibrator, that sets up cavitation 
in a surrounding liquid-borne abrasive 
slurry. The forces introduced by cavitation 
bubbles propel abrasive slurry against the 
work with such intensity that glass, metals 
and ceramics are easily penetrated in sec- 
onds in the form of regular and impossible 
holes. Die-shaped tools are used to carve 
intricate designs in tungsten carbide; while 
cutting knives are employed to uniformly 
slice the thin delicate crystal dies required 
in semi-conductor work. At present, the 
technique is restricted to small holes, but 
new advances in this field centering about 
improved transducers and tools are rapidly 
enlarging the scope of applications. 

High frequency vibrations applied to con- 
ventional grinding operations in the con- 
trol of work feed can improve surface fin- 
ishes, reduce their temperatures and ground 
surface and reduce the incidence of thermal 
cracks. Vibrations of 0.001 inch amplitude 
at 10 to 18 kilocycles per second can result 
in a 60% reduction of roughness for from 
40 to 16 micro-inches. When grinding hard- 
ened steel, while the temperature is reduced 
as much as 50%, the vibrations wil] en- 
hance the grinding of single point carbide 
tools, producing a high finish on low carbon 
and alloy steels and aid in cutting dead soft 
aluminum. 


Fluxliess Soldering (Dip or Too 
Metals, Particularly Aluminu 


One of the most useful applications 
trasonics is in the field of soldering 
num. When cavitation is induced in 
solder, the resultant forces break | 
metal oxides formed on surfaces of 
parts being soldered to expose the pure 
metal to the solder in a non-oxidizin 
mosphere. Perfect bonds can be made us 
ultrasonically activated solder pots or § 
ering irons having vibrating tips. No; 
of any kind is required when solder 
aluminum parts with an almost pure 
alloy solder. Brass and copper parts ma} 
similarly joined with acid-free solder 
give more reliable joints, especially sui 
to the continued passage of electric curr 
This is of particular interest in the elec 
cal and electronic industries where probl 
in conventional soldering of connect 
printed circuits, tube bases, transistor ¢ 
and similar parts have presented numet 
production bottlenecks. The corrosion 1 
ally developed over a period of time 
metal parts soldered with the aid of ¢ 
and rosin fluxes is entirely eee 


Electroplating, Galvanizing | 


Another field of application for ultraso 
is in the electro-chemical field. Plating ta 
fitted with banks of cavitation-produ 
transducers will produce more rapid 

uniform work. The sonically induced cay 
tion streaming, coupled with a degas: 
action, will counteract the depletion of | 
in the diffusing layer between electrode 
electrolyte which usually limits the cur! 
yield under present plating techniques. ( 
siderable economies in plating chemi 
will also be effected when employing ul 
sonics. 


Impregnation 


Ultrasonically induced impregnation is 
ful in oiling bearings and other parts | 
ing inaccessible surfaces as well as ft 
ing porous materials with preservati 
The application of fungicides to com 
structures is also facilitated. 


Emulsification of Resins, Oils ar 
Water Solutions 3 


Whenever some degree of success cal 
had in emulsifying immiscible liq 
with soaps, detergents or catalysts, 
perience has shown that a more 7 
emulsion will be formed in a shorter 

od of time when ultrasonic cavitatior 
induced. Various ultrasonic systems 

in use for this application and cor 
of both the conventional electri 
driven transducer equipments and 

cially designed sound generators 
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air- or liquid-driven mechanical res- 
ors. The agitating action of cavita- 

makes emulsification feasible in a 
» range of applications. 


ment Dispersion, 
ticle Size Reduction 


reduction of particle size in such 
ications as printing ink, dye and 
t manufacturing has long presented 
most difficult processing problems. 
icles within a sound field of cavita- 
level strike each other with tre- 
dous force, causing almost instant 
tegration and reduction in size which 
nolecular in many cases. Materials 
wh have resisted efforts to reduce 
icle size to the micron range under 
influence of ball mills and grinding 
; frequently break down as desired 
asonically. 


Continuous 
Viscosity 
Measurement 
ral ultrasonic viscosimeters have 
1 introduced in recent years. One 


he most successful uses a thin knife- 
blade immersed in the liquid being 
2d. The blade is periodically vibrated 
, transducer that is disconnected after 
blade reaches steady state condi- 
s. The rate at which the wand vi- 
ions are damped by the liquid after 
driving force is removed is a measure 
viscosity. This type of instrument, 
ch indicates viscosity directly, is 
able for low-cost remote gaging and 
rding and does not appreciably affect 
flow of material being gaged. Similar 
ipment measures loading effects on 
oelectric crystals and translates the 
rmation into viscosity readings. Ap- 
ations can be found for these versa- 
instruments in all process industries. 


elerating Fermentation of 
ohols 


accelerating action of ultrasonic 
tation in hops extraction reduces 
i the time and temperature required 
yrocess beer. Taste is considered to 
uperior to beverage produced by con- 
ional techniques. Accelerated aging 
ulcoholic beverages under ultrasonic 
diation has also been reported. 


mnsiderable degree of rapid degassing 
S place in liquids through which com- 
itively high frequency sound vibra- 
S are passed. The fields of applica- 
s in which this phenomenon is useful 
ye from the canning of soups, juices 
other vacuum packed products, to 
manufacture of chemicals. 


Homogenization and Sterilization © 


On a laboratory scale, the beneficial re- 
sults of ultrasonics in homogenization 
and sterilization of bacteria-laden liquids 
has long been understood. The recent 
introduction of economical large-scale 
ultrasonic systems undoubtedly will lead 
to considerable practical use of the tech- 
niques, especially in the dairy, food and 
starch industries. 


Natural and 
Synthetic Fiber 
Processing 


The scouring of wool prior to manufac- 
turing finished articles has long been a 
difficult and expensive operation. The 
removal of oil required to initially process 
the fibers can be expedited by exposure 
of the liquid detergent to cavitation- 
level sound energy. The resulting emulsi- 
fication of the oil and detergent deep 
within the pores of the fibers will enable 
squeeze rollers to loosen the entrapped 
oils and soils in a fraction of the time 
formerly needed, and at lower tempera- 
tures. 


Bleaching 


Conventional bleaching processes will be 
expedited with savings in bleach under 
ultrasonic irradiation. Uniformity will 
be enhanced in deep pile fabrics as a re- 
sult of the improvement in penetration 
induced by cavitation. 


! 


=| 
Medical 
Instrumentation 


Some of the most startling developments 
in ultrasonics have emerged from medical 
laboratories. Of highest importance is 
recent work in tumor detection using 
pulsed ultrasonic waves in combination 
with elaborate oscillographic displays. 
It is now possible to painlessly couple 
sound pulses through skin into the body 
and to differentiate between healthy tis- 
sues and malignant or non-malignant 
growths by analysis of the returning 
echoes. Sound energy of higher ampli- 
tude is used in the treatment of arthritis 
and to develop deep seated heating need- 
ed in the treatment of muscular disorders. 
Recent promise has developed in ultra- 
sonic surgery wherein energy of destruc- 
tive level is pinpointed at organs re- 
quiring resection. Successful lobotomies 
have been reported using this technique. 
In more conventional applications of ul- 
trasound, medical workers are making 
active use of ultrasonic generators for 


cleaning and sterilizing hollow needles, 
slides, instruments and glassware and 
for emulsifying immiscible fluids. Sterili- 
zation action comes about by the de- 
structon of bacteria subjected to intense 
sound vibration. 


Metallurgy 


A highly important application of ultra- 
sonics is developing in the metallurgical 
industry for use in degassing such metals 
as aluminum and magnesium. When melts 
are exposed to ultrasonic energy capable 
of inducing cavitation, entrapped vapor 
bubbles of hydrogen and other gasses 
are driven out of solution thereby ren- 
dering subsequent castings free of blow- 
holes and similar flaws. The violent mo- 
tion also causes beneficial reduction in 
particle size which contributes greatly 
to’ increased strength and more uniform 
dispersion of alloy constituents. 


Ore Processing 


Ore benefication is one of the more re- 
cent applications of ultrasonics. Pulver- 
ized ore immersed in ultrasonically agi- 
tated water is frequently dispersed into 
its basic constituents more readily than 
by conventional separating means. 


Stream Measurement 


Ultrasonic gaging equipment is in use for 
determining stream levels and flows. Adap- 
tations of the familiar depth sounder are 
in use, while instruments making use of the 
Doppler shift are employed to determine 
stream velocity. Applications for those new- 
er techniques include reservoir monitoring 
and general hydraulic flow measurements. 


Air Pollution and 
Particle Precipitation 


One of the most promising fields of ultra- 
sonic applications is that of de-smog and 
particle precipitation work. Aerosols ex- 
posed to intense ultrasonic energy tend to 
display particle agglomerization over a 
range of diameters not affected by conven- 
tional electric precipitators. In the past, 
moderate success was achieved in particle 
precipitation using ultrasonic sirens. New 
static-type ultrasonic “whistles” using com- 
pressed air as the driving source offer 
promise of even better results because of 
improvements in overall efficiency. In the 
near future, such generators should find 
widespread use in house incinerators, in- 
dustrial flues and truck exhausts. 


change in applied current. The magnetostrictive material is 
usually in the form of sheets of thin punched laminations 
bound together in a stack. When the current through the 
coil increases, the length of the stack will also change, and 
thus the stack will be set into mechanical vibrations. If the 
length of the stack is deliberately selected to be mechan- 
ically resonant at the applied driving frequency, as is usu- 
ally the case, the motion is even greater. In practice, the 
end of the transducer having maximum motion relative to 
the other end of the stack or the center, depending upon the 
design, is placed in contact with the liquid directly or 
through an acoustically transparent “window”. The window 
adds a measure of protection against corrosive liquids to 
the transducer but also introduces a transmission power 
loss. As soon as the acoustic output of the transducer ex- 
ceeds the threshold, cavitation will be developed at the 
transducer-liquid interface. Since well designed magneto- 
striction transducers operated in the 20-30 kilocycle range 
have efficiencies of 70%, most of the applied electrical drive 
is realized as sound energy. The balance is lost as heat. 

Magnetostriction transducers are used to energize ultra- 
sonic drills, soldering irons, solder pots and crucibles. They 
find greatest application in large-scale systems because of 
their efficiencies and ability to withstand temperatures well 
over several hundred degrees centigrade directly and even 
higher temperatures with cooling provisions. The Curie 
point, above which magnetostriction no longer occurs, is 
358°C. for nickel. When magnetostriction transducers are 
directly immersed in the process tank, cooling can usually 
be obtained from the liquid itself. Heating of single mag- 
netostriction transducers not in direct contact with liquids 
is generally controlled by either. cooling water or air blast. 
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Piezoelectric transducers are those in which the vibrato 
motion is obtained by impressing an electric charge acro 
slabs of such crystalline materials as quartz, barium © 
tanate, rochelle salt, ammonium dihydrogen phosphate a1 
more recently certain ferro-ceramics. Those which deliv 
the most acoustic output per unit input voltage are ge 
erally the least stable electrically and mechanically. Quart 
the most stable of all piezoelectric materials, has a Curie 
576°C., but to obtain high ultrasonic output it is necessa 
to apply excessively high (and costly) voltage across t 
thin wafer generally used. For example, 40 kilovolts is 1 
quired to obtain an intensity of 4 watts/cm? at 50 kilocycl 
Insulation difficulties, arc-overs, unduly complex safety pr 
cautions and the like are rendering equipment using quar 
for cavitation production obsolete. In instrumentation a: 
therapeutic work, however, the inherent stability of quar 
is highly advantageous. 

Barium titanate is one of a family of artificially produc 
piezoelectric materials finding numerous applications 
ultrasonics. Although the materials are severely tempe1 
ture limited to operation below 100°C., they are chars 
terized by high activity with rather low applied voltag 
Titanates may be cast during fabrication to various shar 
suited to focusing ultrasonic energy within a small ar 
where intense cavitation can be developed for localiz 
processing. Typical shapes include parabolic bowls a 
cylinders. Since the titanates are relatively inexpensi' 
considerable work is being done by ultrasonic engineers a 
ceramicists to improve their stability. Future advances 
this field should greatly widen their areas of usefulness a 
displace some of the more costly artificial piezoelectric n 
terials in sonar work and other precise applications. 

For frequencies above 100 kilocycles the piezoelect: 
crystal transducers are more suitable because of lower ; 
ternal losses. They become thinner, however, as the f 
quency increases and are somewhat more fragile. Magne 
striction transducers are used in most cases at frequenc: 
below 100 kilocycles, especially when large-scale syste 
are contemplated. The advent of high-powered, mot 
driven alternators at 20,000 cycles has already created 
certain degree of frequency standardization within ¢ 
ultrasonics industry. At this frequency transducers are m: 
efficient, while audible noise is not objectionable to huma 


Application Engineering . 

Optimum large-scale installation will operate (if fez 
ble) at a frequency of 20,000 cycles using banks of tra 
ducers driven in tandem by the new motor-generator si 
Such an installation can be made for approximately $11 - 
watt of installed capacity at powers above 10 kilowa 
The cost per watt increases somewhat for the sma 
single-transducer equipment finding widespread use 
cleaning small parts, drilling and soldering. 

Should a frequency higher than 20,000 cycles be indica 
for a particular process, the cost of a large-scale insta 
tion will easily treble. The source of power must then’ 
electronic which places the equipment needed in the c! 
of a radio broadcasting station. It was precisely this cor 
tion which made ultrasonic processing uneconomic in 
past when low-cost alternators were not as yet availa 

A properly designed ultrasonic processing system wil! 
a distinct aid in reducing costs, improving quality ; 
maintaining competitive positions. Ultrasonic instrur 
tation can assist in many fields where existing equipmen 
either unavailable or less efficient for the task at hand. " 
barrier has been crossed; ultrasonics has come of age. * 
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Here are the Nitroparaffins — NM(Nitro- 
methane), NE(Nitroethane), 1-NP(1-Ni- 


to the c 


1-NP 
CH;,CH.CH,NO, 


PHYSICAL PROPERTIES 


_ NM __NE _1-NP _2-NP tropropane) and 2-NP(2-Nitropropane). 
Ba frien et Ca chante eeeHctlcen Or eh Casco. City, These four NP’s have a potential range of 
Molecular Weight 61.04 75.07 89.09 39.09 usefulness unequalled by any other group 
Boiling Point at 760mm, °C 101.2 114.0 131.6 120.3 Bio caaeenuens tos ew ae, 
Azeotrope with Water, bp, °C 83.6 87.1 91.2 88.4 paraffin plant at Sterlington, Louisiana is 
NP in azeotrope, % by weight TE 73.6 64.5 73.1 now in full production. Additional facili- 
Sead AAR Be mm he hoe aie te ties for increased volume of NP deriva- 
vaporation Rate, by volume d § 4 : : - a ; 
Freezing Point, °C 39.0 —90.0 ~108.0 93.0 be agree tune eae cUCn: 
Specific Gravity at 20/20°C 1.139 1.052 1.003 0.992 In many cases, they provide better and 
Density of Vapors (air = 1.00) 2.11 2.58 3.06 3.06 more economical methods of manufactur- 
Weight per U.S. Gallon at 68 F, Ib 9.48 8.75 8.35 8.24 ing well-known and widely used industrial 
Coefficient of Expansion, per °F 0.00064 0.00062 0.00056 0.00058 Se ae RL ae ; 
Refractive Index, np at 20°C 1.3818 1.3916 1.4015 1.3941 Naas MPL We BE POLE Lope 
Surface Tension at 20°C, dynes/cm 37.0 33 30.0 30.0 reactions yield entirely new compounds. 
Heat of Vaporization at 30°C, There are practically an unlimited num- 
calc., cal/g 143.3 124.8 107.3 104.4 ber of products which can be prepared 
Sac fae et eee Cite ae Age ea ee from the NP’s. As solvents, they present 
ielectric Constant at 30° : A , : 112 inati “anerties 
Ignition Temperature, °F 785.0 718.0 789.0 802.0 Sie caste ag ee Se 
Flash Point, °F (Tag Open Cup) 112.0 106.0 120.0 103.0 so aie h Eo ore eet eM eh. 
pH 0.01M Aqueous Solution at 25°C 6.4 0 6.0 62 most important of all, they have strong 
Solubility in Water at 20°C, solvent power for a wide variety of sub- 
% by volume 95 45 1.4 1 stances, including many coating materials, 
Solubility of Water in NP at 20°C, waxes, resins, gums, dyes, fats and oils, 
% by volume a2 0.9 0.5 0.6 and numerous organic chemicals. The 


*N-Butyl Acetate = 100 


NP DERIVATIVES ALSO AVAILABLE 

NMP (2-Nitro-2-methyl-1-propanol) 

ALKATERGES 

TRIS AMINO (Tris [hydroxymethyl] aminomethane) 
TRIS NITRO (Tris [hydroxymethyl] nitromethane) 
HAS (Hydroxylammonium Acid Sulfate) 

NEPD (2-Nitro-2-ethyl-1, 3-propanediol) HC (Hydroxylammonium Chloride) 

NMPD (2-Nitro-2-methyl-1, 3-propanediol) HS (Hydroxylammonium Sulfate) 


SAMPLES ON REQUEST 


CSC Nitroparaffins are chemistry’s new- 
est stars. They give new direction to the 
production of old products and the devel- 
opment of new. 


AB (2-Amino-1-butanol) 

AEPD (2-Amino-2-ethyl-1, 3-propanediol) 
AMPD. (2-Amino-2-methyl-1, 3-propanediol) 
AMP. (2-Amino-2-methyl-1-propanol) 

NB (2-Nitro-1-butanol) 
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Here’s an intimate look at the contract—and costs— 


set up between a manufacturer and an outside 


development and design group in a 


Controlled Crash Program 
For A New Product 


C. Hotchkiss, Jr. 
Stow Manufacturing Co. 


Expecting a loss of government contracts, the Stow Man- 
ufacturing Company of Binghamton, New York, decided 
they needed a new product to increase their commercial 
business. Their principal product is flexible shafting, but 
they also make a line of flexible shaft concrete vibrators 
which are sold through construction equipment distribu- 
tors. Stow knew that the easiest way to get quick sales 
was through their present line of distributors, who were 
presented with a list of about 20 products already on the 


market that Stow believed they could make and asked to 


list the four they believed would sell best. 

The results indicated strongly that a rotary trowel for 
finishing concrete, which was made by only a few com- 
panies, would be the best item. 

The engineering procedure for the design of this trowel 
was laid out step by step as follows: (1) Survey including 
patent studies (2) Preliminary design (3) Preparation of 
layout drawings (4) Making up shop drawings (5) Build- 
ing prototype (6) Testing prototype (7) Making design 
changes in prototype (8) Making up production drawings 
(9) Building one machine from production drawings (10) 
Testing this production machine and making necessary de- 
sign changes (11) Ordering fixtures, jigs and tooling for 
first production run. 

Now that the product was decided upon and the design 
procedure laid out, the big problem was who would design 
the trowel? For a large concern with many engineers 
this would be no problem, but for a small concern (116 
employees) it was a huge problem because of the complex- 
ity of the product, the need to avoid certain patented 
features and Stow’s desire to add features which would 
improve upon their competitors’ machine yet sell competi- 
tively. Also, distributors wanted this machine in a hurry. 
If Stow designed the trowel themselves, they would have 
to take on extra engineers since their present small engi- 


Rotary Trowel 


neering staff was kept constantly busy with their regula 
work. On the other hand, if they engaged an outsid 
design firm, the job could be done faster, but it would mea 
a large outlay of cash and less close job supervision. . 
Stow decided to contact several outside design firms t 
see what they would charge for the design of this machine 


3 Designers for Industry in Cleveland suggested that Stoy 


make a “technical survey” before going into the design 0 
the machine. The survey group is a separate section of De 
signers for Industry, and Stow would not be required t 
give them the design job upon completion of the survey. 

Stow decided to proceed with the technical survey, an 
it was started immediately. Besides their own paten 
study, the technical survey team was to determine: (1) A 
estimate of sales (2) The overall picture of competitio: 
including the advantages and disadvantages of competitors 
machines (S) What new features were wanted (4) A 
acceptable price. 


Contract Details 


The survey was made by interviewing competitors’ dis 
tributors and contractors who used rotary trowels. The 
asked detailed questions about the product and what in 
provements were thought necessary. As an independer 
design firm, DFC had no trouble getting this informatio 
from distributors—information useful not only in confirm 
ing Stow’s estimate of the potential market, but also i 
the actual design of the product. The survey took 248. 
man hours and cost $2,086.90 plus $365. 43 traveling e3 
penses—a total of $2,452.33. 

A preliminary report on the survey was submitted, an 
a conference was held just two months later to discus 
the results. Stow asked Designers for Industry to preser 
a proposal for just one size machine which would includ 
designing and building the prototype, testing it and makin 
the production drawings. The proposed estimated costs at 
shown in the table on the opposite page. 

Stow gave the design job to DFI with the stipulatil 
that they submit a preliminary design which would n 
infringe any patents, for their review before proceedin: 
This plan was covered by items 1 and 2 in the propos: 
and had an estimated budget of $1,840. Therefore, DI 
was not to proceed further with the design than th 
amount without Stow’s approval. This procedure ga\ 
Stow a degree of control since no more than $1,840 woul 
be spent before they checked the design. 4 

Stow prepared the following list of features to pee co! 
sidered by DFI in the design: 


ESTIMATED COSTS 


PROJECT PROJECT 

MANAGER ENGINEER 
Patent Studies & Evaluation 15 30 
Conference: Modifications 5 50 
Preliminary Design 5 30 
Practical Experimentation 10 10 
Final Design 40 
Client Report: Modifications 5 20 
Design Execution 20 
Prototype, Build, Test 40 
Production Engineering 50 


PROJECT DESIGNER DRAFTS- CHECKER MACH- 
DESIGNER ; MAN INIST 
40 80 
30 40 150 
40 40 
20 20 200 50 
20 40 300 
Total Services in Estimated Hours 40 290 130 80 360 50 450 
Service Rate Per Hour in Dollars ‘15 10 8.5 7 5 8.5 6 
Total Estimated Service Cost 600 2900 1105 560 1800 425 2700 


Total Estimated Labor $10,090.00 
Materials & Miscellaneous 500.00 
TOTAL ESTIMATED BUDGET $10,590.00 
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» Should be determined on basis of most popular competi- 
> models. 

. H, P.—Gasoline engine must be of sufficient rating to 
ve machine for floating as well as finishing with recom- 
nded, preferred makes. 

. Speed—Variable speed control at handle to cover 
ge required for floating and finishing. 

. Power Transmission—Long-life with oil seals to give 
uble—free service. 

. Trowel tilting mechanism—Must be reliable and ad- 
table at handle while machine is in operation. 

. Trowels —Interchangeable floating or finishing. 
irdy long-life and easy to change by one man. Must be 
irded against striking obstruction and damage. 

’. Centrifugal Clutch—Consider automatic throttle re- 
se to avoid rotation of handle when accidently released. 
3. Handle must be sturdy for proper control of machine 
pulsion, adjustable to suit operator’s height. Also, con- 
er possibility of folding for space conservation in trans- 
‘t and storage. 

). General Construction—All vital parts should be ade- 
itely guarded or protected against damage from rough 
idling in transport from job to job. 

0. Engine mounting—Consider possibility of conversion 
electrically driven machine when designing power trans- 
ssion engine mounting surface. 

Notice that these were constructive rather than restric- 
e comments. They were based on the technical survey 
1 comments by distributors. Since Stow had very little 
yerience in the troweling field, they left the design wide 
nn to DFI indicating only that they wanted a machine 
it was superior to those then on the market and that 
iid be manufactured to sell at a competitive price. By 
t being restrictive, Stow hoped to get many novel ideas 
the design. DFI estimated that they could complete the 
ytotype in 90 days. 

six weeks later a conference to discuss the preliminary 
sign was attended by the President and Vice-President 
Charge of Engineering at Stow and the President, Prod- 
; Manager and Product Engineer of DFI. Stow exam- 
d the preliminary design and suggested a few changes 
ich were discussed thoroughly. Those decided upon 
re written up in detail. Stow stated what the manu- 
turing cost should be, based on their factory rate for 


labor and material costs. 

DFI was given authority to prepare assembly and layout 
drawings based on the preliminary design and the changes 
discussed. Assuming that all the requirements in function 
and production cost could be satisfied on paper in time, a 
second meeting was scheduled in Cleveland ten days later. 
Following this meeting DFI was given an O.K. to start 
with the shop drawings from which the prototype could 
be built. 


Contract Termination 


Details on the prototype design were given to the Stow 
sales department for discussion with their distributors. 
As a result several design changes were made including 
the make of the engine. Distributors said that the machine 
would not sell with the proposed make of engine as it was 
not well known in the field. 

The prototype was completed and shipped to Stow four 
months after the start of the design. Testing on a slab was 
begun immediately and compared with competitors’ models 
on the same job. As a result, some changes were made 
in the machine, particularly in the method of supporting 
the blades. The machine was tested further. Pictures of 
the prototype were sent to all distributors, some of whom 
suggested design changes. One accepted suggestion was 
to lower the height of the guard ring so that the machine 
could go under pipes which are often only six inches above 
the concrete. 

At this point Stow decided to do the production drawings 
themselves rather than let DFI do them as originally 
planned. Stow believed they could make these drawings 
more quickly since they naturally knew just which ma- 
chines required parts. All work was terminated imme- 
diately with DFI. The breakdown on the cost of design 
to date excluding the technical survey was as follows: 


COST 


$2,962.00 
$150.45 
$150.00 
$2,230.90 
$2,673.60 
$10.50 


$8,177.45 


RATE HOURS 


Project Engineer $10.00 296.2 
Project Designer 8.50 ee 
Project Manager $15.00 10.0 


Layout Designer $7.00 318.7 
Machinists $6.00 445.6 
Laboratory Assistant $5.00 21 


TOTAL COST 


Developing ‘creativity’ in engineers 

has not as yet succumbed to any “how to” 
formula. But here are some examples 

of what can be labeled 


Creative Engineering—Applied 


Alexander C. Wall 


Director of Research and Development 


American Machine and Foundry Company 


American Machine and Foundry has been in the creating 
business for a good many years but only very recently have 
we begun to consider creativity per se in a formal way. 
For the past several months we have been reading the 
staggeringly voluminous literature on this subject. There 
is certainly no dearth of creative urge to write on the part 
of those interested in creativity. But while it seems to be 
tacitly assumed, it is seldom explicitly stated that as far as 
industry is concerned, successful creative effort must have 
a final tangible end result that benefits many people. 

Creative effort for personal pleasure is, of course, an 
exception but in the aggregate to be justifiable over a long 
time period creative effort must result in new or better 
products or services. This does not mean, for example, that 
research on ultra-high pressures must be specifically aimed 
at and succeed in making diamonds to put de Beers out of 
business. But it does mean that if few useful results are 
obtained after a lot of research over a period of years, 
something is wrong. 

Each piece of creative work that results ultimately in a 
tangible benefit to mankind is “better” or perhaps “more 
efficient”? than the brilliantly ingenious idea that founders 
somewhere along the line to success. 
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Creativeness in engineering has many facets, and fo 
this reason it is an exceptionally difficult type of activity o 
process to define. Many types of creativity exist and 1 
takes all kinds of people that operate in the different area 
to apply a creative process efficiently. A description 0 
some of AMF’s activities in creative engineering will bes 
illustrate the elements of creativity as we interpret then 

These experiences indicated to us that creativity i 
engineering comes in several categories each with severe 
models. An essential first facet is a new, bright, practicé 
idea for a problem solution. But as the mathematicians saj 
“This is necessary but not sufficient”. By way of M 
Aesop (who was not a mathematician) we would like t 
relate some true fables. 


Fable of the Mechanical Girl 


Shortly after World War II AMF managed to create 
successful pretzel tying machine—fingerprints and all. § 
sure were we that it was the “impossible invention” thé 
we paid scant attention to possible competition and prt 
ceeded to test the machine and plan for production. 

Our work took place in the days of difficult procuremer 
and slow deliveries. Frankly, we were disturbed when ¥ 
learned that a competitor had a different machine that di 
not infringe on our patents and that its production we 
almost fact. 

An industrious battery of mechanical girls can cruis 
along for days at about 1000 pretzels per minute (mayt 
1,500,000 pretzels a day when beer sales boom). At th 
rate the mechanical girl population did not need to k 
large to supply the national demand. In short, there we 
room in the field for very few machine manufacturer 
We realized that the company getting a substantial numbe 
of machines out first would probably dominate the marke 

Under the circumstances six months was a long tim 
and deliveries of pieceparts were running to 18 non 
The engineers were stretching their imaginations 
creative abilities to devise substitutions and “des 
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ounds”. One particular spring in the machine was critical 
d was holding up everything. We were about to “design 
ound” it when our purchasing agent walked in and 
nded us a spring saying: “How’s this?” 

“Where did you get it, and how many and how much?” 
veral of us chorused. 

The purchasing agent replied: “During the war mouse- 
ap production was permitted, so I just bought a bunch of 
ousetraps that happen to be in good supply now and 
eaper than the quotations on the springs” 

Professor John E. Arnold of MIT has given us a very 
eful concept of analytical and creative problems. The 
alytical problem has one “right”? answer while the crea- 
ye problem may have several satisfactory answers. The 
lemna of how to get springs in an impossibly tight mar- 
t when solved by buying mousetraps certainly fits the 
finition of a creative problem. To my mind our purchas- 
g agent was a creative fellow. True, his reasoning process 
as not as elegant as that of the engineer who invented the 
etzel tyer nor did it require the formal knowledge, but 
saved the day. 

We stripped local hardware stores of mousetraps and 
rformed several hundred other similar creative acts. 
inally the machines were shipped to several field locations 
id production began, the lead safely in AMF hands, we 
ought. Practically all our development work was done in 
e fall and winter when the weather was nice and dry. 
was summer when the first machines went into operation, 
id the humidity was high. Our mechanical girls would not 
2 pretzels without getting their hands completely stuck 


ith dough. Production bogged down. Our competition be- © 


in to breathe heavily down our necks. We heard that 
ey had a completely successful operation in full swing at 
sranton while our machines looked like nothing more 
an a four-year-old caught in Grandma’s cookie dough. 
Quite naturally we turned on our creative processes: 
r condition the bakeries (air conditioner delivery three 
sars—expensive too); coat the machine with the new 
onder plastic Teflon ($24 a pound and available in half- 
yund lots); apply dusting powder (when it worked, the 
sulting pretzels had bad cases of white measles). 

At that time, fortunately, we had a very creative sort 
> gerviceman—no formal training but smart and not 
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afraid to think. He knew he could dry his hands by waving 
them in the air when a towel wasn’t handy, even on a 
damp day. He rigged up a little furnace blower to pass air 
over the stick during its 50 millisecond rest waiting for 
the pickup fingers. A trained creative engineer might reject 
the idea of drying action of 90% relative-humidity air 
on anything in 50 milleseconds, but it worked. 

This ends our first fable. We think it has two morals: 
first, creativity resulting in something of use to mankind is 
a process covering a space of time, not a single inventive or 
creative act; second, there seem to be several kinds and 
shades of creativity and an organization’s ability to create 
successful new products depends to a considerable extent 
upon that organization’s ability to effectively bring all 
these kinds and shades of creativity into play. 


Fable of the Mechanical Boy 


And now the fable of the creativity problem that re- 
quired the opposite of invention for its solution—the me- 
chanical pinboy. The size of the market (60,000 machines 
having a gross potential of $1000 per machine per year) 
had stimulated inventors all over the country. Patents were 
many and activities continuous. Despite efforts dating back 
to 1912, however, there was no successful machine or even 
one that approached success. 

By 1947 after some eight years of effort (with time out 
for World War II), AMF had a working pinspotting ma- 
chine. It did not, however, satisfactorily combine the con- 
flicting requirements of operating function, high reliability 
and low cost. This clearly appeared to be a problem requir« 
ing creativeness and invention. No one seemed able to get 
the right combination of mechanical arms, legs, eyes and 
brain to make an efficient pinboy. 

One day one of our engineers, with a different turn of 
creative mind, looked at all the individual mechanisms 
which we had available to perform each job the pinboy 
performs. A little simple mathematics showed that there 
were enough proven units from which it would be possible 
to construct about 10,000 different machines, each of which 
might spot pins successfully. We were attempting to solve 
this problem by using teams of creative engineers—we'll 
call them Category I engineers—to create, construct and 
test experimental machines. What this amounted to was 
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Expert pretzel twisters can make 32 ional per minute for 
short periods of time against 55 per minute from the AMF 


that we were trying 10,000 possible combinations, one at a 
time. The probability that we would hit the right com- 
bination in an ordinary lifetime seemed distressingly low. 

In short, we were swamped with ideas, and we hardly 
needed more creative ideas from engineers of Category I. 
What we did need was focused and restricted thinking, but 
it still had to be imaginative and contain the elements of 
creativity. We needed a new kind of creative engineer; let’s 
call him Category II. 

Machines that worked well cost too much, and the ones 
that cost about right were unreliable. We knew what our 
costs had to be to make our machine economically sound. 
Our Category II creative engineers were able to analyze 
several machines and find that a relation existed between 
the distance a pin traveled and the manufacturing cost of 
the machine. This distance turned out to be quite low and 
drastically reduced the possible combinations we need con- 
sider. In effect creative engineers of Category II said to 
creative engineers of Category I: “If any idea you come 
up with, no matter how clever, causes the pins to travel 
more than x feet, forget it. It’s no good.” 

This concept gave our creative engineers of Category I 
a sense of direction on what to do to invent a machine that 
would have the right manufacturing cost, but it was no 
help at all in how to make the machine reliable. While you 
can influence a human pinboy’s reliability by sliding quart- 
ers down the alley, the mechanical pinboy has to be reliable 
all by himself. Visualize a machine that is relatively com- 
plex, quite large and handles both bowling pins and balls. 
Pins change in dimension as they age due to chipping and 
being turned down and refinished. The machine has to 
handle 16 pound balls, new pins, old pins and hard maple- 
wood chips without complaint. To keep maintenance costs 
within bounds it is necessary that in performing 100,000 
pin handling operations, the machine develop no more than 
six malfunctions. This is an efficiency of 99.994% and re- 
presents aircraft grade reliability where we cannot afford 
aircraft construction methods. 

We were able to get a sense of direction on the manu- 
facturing cost problem by having creative engineers of 
Category II find a relation in existing machines between 
the way the machine worked and its cost. This would not 
work here since we did not have any machines with suf: 
ficient reliability. It seemed as though we needed a creative 
engineer of still a different type; let’s call him Category III. 
He had to figure out how to make a machine we didn’t have 
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machine. Each machine accounts for a row of pretzels in ti 
above diagonal installation. 


fundamentally reliable. Since no reliable machines wel 
available to examine, this had to be done in the abstract. 

The first step was to divide malfunctions into ty 
classes: mechanical failure; and motion of a ball, pin ¢ 
wood chip into an unwanted area. Disposing of the fir 
class of. malfunctions was relatively easy. We set up 
group of super critical, deliberate engineers who exhau 
tively analyzed and tested every mechanism we intended ‘ 
use. Their word was law, and no creative idea of ar 
category was approved for use without their O.K. 

The second class of malfunctions was more troublesom 
It was a case of the perversity of inanimate objects, ar 
that we were aware of this was proved by little signs y 
had around the Lab which read: “Bowling pins are apt’ 
assume improbable positions, usually to our disadvantage 

Our engineers of Category III developed an abstrat 
mechanismless theory (or language) of pinspotting, bast 
on a visualization of what the pins and balls had to do 
accomplish their missions, irrespective of the mechanism 
We developed terms to describe their actions: separati 
alignment, orientation, elevation, triangulation, spot ai 
respot, to mention a few. The Category III engineers we 
then able to describe what surprisingly turned out to be 
limited number of classes of permissible methods for doi: 
the job. It was then possible to analyze these classes 
terms of parameters that contain randomness possibilitit 
In other words, we could see that certain methods tend 
to decrease the opportunity for perversity of our inanime 
pins, balls and wood chips. The result of this activity w 
the establishment of a set of rules which when followed 
the creative engineers of Category I would tend to ke 
malfunctions due to randomness to a low value. That the 
two schemes worked is proved by the fact that the 50 
machines in the field at present, with 300 going in eve 
month, now run with an efficiency factor of 99. 9995 7% 
five troubles per million operations. 7 

This ends the fable of the mechanical pinboy. We 
that the mechanical pretzel girl fable illustrates that 
takes many kinds of creativity, extending possibly ov: 
period of years from the initial invention, to make a c 
tivity program successful. We feel that the fable of ¢ 
mechanical pinboy illustrates that even the initial act 
making the first invention may require creative effort 
several categories. There seems to be a tendency in 
rent literature on developing creativity to seek for or to 
fine a single set of temperament attributes which if 


Research & Engine 


ned in an individual and properly fostered would pro- 
ice a creative engineer. It would seem that if we set up 
urses and psychoanalysis methods to train and measure 
ese traits, we would solve the problem of providing an 
nple supply of creative ability for all time. We believe, 
id we hope these stories illustrate, that there is no single 
t of attributes which will define a creative engineer. 


ures That Kill 


Unfortunately, the problem does not appear to be that 
mple. The development of pure ingenuity can sometimes 
use more problems than it cures. Some years ago we had 
| interesting and humorous case in point. We had just 
mpleted the development of an automatic attachment to 
e cigarette packing machine. This attachment was to in- 
re that every pack contained 20 full cigarettes. 60 ma- 
ines had been installed and were operating in one large 
ctory. Suddenly, we received complaints that packs were 
ing out with 19 cigarettes. This occurred quite in- 
equently, and with the millions of packs being made it 
emed an almost hopeless task to locate the particular ma- 
ine at fault. Someone got the bright idea of having each 
icker print its own number under one of the side folds 
the pack which was firmly glued down. When a pack 
as returned with 19 cigarettes, we could carefully moist- 
. and lift the glued side fold and identify the culprit ma- 
ine. 

The condensed diary of the flood of letters we received 
llowing our June 1 installation of this method would 
ad somewhat as follows: 

ine 6 — “Dear Sirs: 

We understand you are giving valuable prizes for 
the lucky number in the side fold of your cigarette pack.” 
ine 8— ‘Dear Sirs: 

Please tell me the lucky number on which I can get 
anew Ford.” 


ine 10 — “Dear Sirs: 
Herewith is package with #33, and where can I go to 
get my new Cadillac?” . 


As you can imagine, we promptly removed the numbers 


from the machines and had a battery of stenographers 
type diplomatic replies. This experience illustrates that 
something which may be very simple and ingenious in one 
part of the creative process may have totally unexpected 
results somewhere along the line. We believe it emphasizes 
Professor Arnold’s other concepts of the complete crea- 
tive engineer who could think broadly and through all 
stages of the process, even outside of engineering. 


Categories of Creativity 


Now, if these ideas have some merit—namely, that in- 
itial creativeness may require several distinctly different 
categories of creative thinking, and also that still further 
different categories of creativity are required throughout 
a long process—what can be done about it? At the present 
moment, we don’t pretend to know how finely these catego- 
ries should be broken down nor exactly how to go about it. 
We have made some small starts in both directions. There 
seem to be common threads running throughout the crea- 
tive engineering process. There seem to be some universals 
present. To what degree these universals will be things 
people possess intrinsically, relatively unchangeable, like 
blue eyes, and to what extent they will be changeable by 
training, like habits of speech, we cannot tell as yet. It 
seems to be a problem that requires the application of both 
engineering understanding and psychology. 

We have retained an industrial psychologist to consult 
with us and carry out some preliminary exploration. We 


- have not reached a point where we can report on specific 


progress, but several intriguing ideas have developed. It 
seems that the kinds of creative effort required can be 
grouped into a limited number of classes. It further seems 
possible to describe the human attributes in recognized 
psychological terms which will be required to deal with the 
problems in these classes. Also, it seems that the combina- 
tion of attributes which tend to be found in single individ- 
uals can be correlated with the actions required. If the 
gist of these ideas is sound, it should make the problem of 
developing creative engineers somewhat simpler. We should 
have to turn out a somewhat smaller percentage of the dif- 
ficult-to-develop true Category I inventors and many more 
creative engineers of the other categories to carry through 
and finish what the inventors start. “ 
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How's Your 
Staff Efficiency ? 


Your staff is only as good as the energy, in- 
itiative and imagination the individual puts 
into his job. Your success as a R/E manager 
depends on how well you apply these 18 rules 
to get maximum performance from your men. 


Luis J. A. Villalon 


Management Affairs Editor 


An executive has a lot in common with a jockey, a rac- 
ing driver or a fighter pilot. They all have the same job— 
to get maximum performance from the machine, animate 
or inanimate, that has been entrusted to their care. This 
takes a lot of skill—and the executive who is handling the 
most intricate mechanism of all, has the most demanding 
task. 

And there are reasons to believe that the research execu- 
tive has an even more difficult challenge. He is dealing with 
a high level of talents and usually an extreme degree of 
individualism. In the research area, maximum performance 
can mean a near-miracle. Minimum performance, on the 
other hand, invalidates the whole purpose of the research 
program. 

Experts on the executive function have been saying this 
same thing in different ways for a good many years. 
Chester Barnard, president of The Rockefeller Foundation, 
once said that the job of the executive is “to maintain a 
system of cooperative effort’, while F. J. Roethlisberger, 
Professor of Human Relations at the Harvard Business 
School, has said that the boss’s challenge is “to achieve 
a balanced relationship between the logical organization 
of operations and the social organization of. teamwork”. 
In short—to get the most out of your staff. 

Industrial psychologist, Dr. G. L. Freeman, goes on to 
say, “In handling scientific personnel, the key problem is 
to stimulate them to bring into play the energy, enthusiasm 
and idealism that brought them into a research career in the 
first place. Psychologically speaking, this means putting to 
work the same tools that would be applied in any leader- 
ship situation—only more so.” 

The eighteen practical rules that follow are designed to 
help the research director get things done—through the 
people he has in his employ. They are based on the ex- 
perience of dozens of successful administrators, as in- 
terviewed by business journalists and industrial psycholo- 
gists. R/E offers them with the confidence that they will 
help any management man build an alert and eager staff, 
and then get the most out of it on a month-to-month and 
year-to-year basis. 
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[2] Find out what makes them tick. 


People aren’t just names or numbers on a file car 
They’re widely varying individuals, and the research sta 
tends to vary most widely of all. The individual’s motives 
and attitudes are the main tools the executive has, and the 
can be determined only by study. In many,-security is th 
main drive. In others, well-timed praise may be the answi 
to reach heights of effectiveness. But the same formu 
applied to another employee may only inflate him out of a 
usefulness. Constructive criticism may work best here. 

In any case, there is some factor that makes each or 
operate more effectively; the capable executive hunts ft 
it until he finds it.-He may have to search beyond ft] 
office. A few casual conversations to draw out subordinat 
can be immensely helpful in handling them in the futur 
After all, everyone’s attitudes are conditioned by hon 
life and personal background. 

Paradoxically enough, the research director, scientil 
cally trained knows all these things very well—but is som 
times least inclined to supply his rules to people. 


[ 2| Be a good listener. 


Keeping one’s ears open isn’t only useful in finding 
what makes people tick. It’s also a good way to convi 
them they belong, to build up their feeling of accomplii 
ment and importance. A good executive encourages th 
to talk, to ask questions—by listening. The fellow v 
always dominates the conversation only encourages th 
to be silent. 

Some ideas your subordinates come up with may s 
fantastic, but it’s important not to let them know it. . 
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ragement or ridicule effectively stem the flow of ideas 
and the next idea may be just the one you want. Many 
‘esearcher needs the opportunity to talk out a problem— 
only to blow away his own cobwebs. 

Sure, it takes time to draw people out, to hold their 
nds, to listen to their problems. But in the research area, 
ere the difference between a dud and a significant devel- 
ment may be just one added thought, the boss’s listening 
ne is well spent. 


] Be careful of criticism. 


Before you criticize, be sure you have all the facts—and 
an suggest a constructive course for the next time. Don’t 
estion the motive when it’s the method you’re worried 
out. Occasionally, it’s a good device to praise a bit before 
u criticize, but if it’s done too often, it will be recognized 
insincere. The most important rule of all is to criticize 
private. Reprimands in front of others only cause re- 
ntment and undermine the authority of the man being 
iticized. 
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| Use praise — in public. 


VLE 


Lean over backwards to give credit. A wise executive 
ver allows himself to be accused of grabbing credit for 
mself. He realizes that his credit comes in the building of 
_ able staff. Subordinates will only take responsibility 
d use initiative if there are rewards in sight. 

And when there is praise to be handed out, it has a 
uble impact if it’s tendered publicly. It’s good for morale 
d self-confidence and sends your man back to his labora- 
ry doubly-determined to keep his standing high. One 
arning: Make sure the fellow you praise is the one who 
ally deserves it, and that those who helped him get rec- 
nition, too. . 


i Delegate responsibility. 
The boss who insists on attending to all the details dis- 


urages his staff by competing with them. No one is an 
ecutive who doesn’t delegate. The capable employees will 
it, and the others will just sit back and rest. In the 
2antime, the boss will have no time for the thinking and 
anning that are essential to his job. 


| Persuade — don’t domineer. 


The old saw about leading a horse to water couldn’t 
ply to anything more aptly than it does to a research 
d development operation. The R/E director can make 
3 people go through the motions, but he can’t make them 
ally think unless they want to. A domineering executive 
ly breeds “yes” men. The real leader thinks of his staff 
rking with him, not for him. 


Suggestions or requests work a lot better than orders 
with people who have initiative and ability. If only orders 
work, you’d probably be better off looking for some new 
assistants. Warning: Your suggestions must be specific. 
People can’t follow orders or suggestions that they can’t 
understand. 


[7] Set the example. 


It’s a simple point, but never forget that the executive 
sets the style for his own people. If he’s irregular in his 
habits, late for appointments, careless about facts, bored 
with it all, they will be too. But most people would pre- 
fer to follow a good example, if you’ll only give them one. 


Tell them why. 


When you make a request or give an order, be sure to 
give the reasons. Intelligent personnel—the kind that work 
in a research department, do things well only when they 
know why they’re doing them. It doesn’t matter whether 
the expanation is oral or written—just make sure it’s there. 
This “tell them why’ principle applies in other directions. 
Suppose you do adopt an idea from one of your staff? Make 
sure he knows why, so he’ll apply the same line of thought 
to other problems that got results in this case. Of course, 
this applies doubly when the idea is rejected; if your rea- 
sons are good, he’ll buy them, and if not, maybe it should 
have been accepted. 


[2] Ask for help. 


Nothing brings your subordinates into the picture more 
effectively than asking them for their advice and help 
when you’re attacking a tough problem. And, remember, 
this doesn’t only build your staff’s self-confidence—it may 
turn up some good ideas that you would never have heard 
of unless you asked for them. 


Act like a human being. 


Even the coldest-blooded executive can easily take steps 
to warm his relations with the people on his staff. For in- 
stance: use. first names; make occasional unplanned 
luncheon dates with one or two at a time; find a way to 
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transistor and 


digital computer techniques 


APPLIED TO THE DESIGN, DEVELOPMENT 
AND APPLICATION OF 


AUTOMATIC RADAR DATA PROCESSING, 
TRANSMISSION AND CORRELATION 
IN LARGE GROUND NETWORKS 


Engineers 


Digital computers 

similar to successful 

Hughes airborne fire control 
computers are being 

applied by the Ground Systems 
Department to the 

information processing and 
computing functions of 

large ground radar weapons 
control systems. 


The application of digital and 
transistor techniques to the prob- 
lems of large ground radar net- 
works has created new positions 
at all levels in the Ground Sys- 
tems Department. Engineers and 
physicists with experience in the 
fields listed, or with exceptional 
ability, are invited to consider 
joining us. 


TRANSISTOR CIRCUITS * DIGITAL COMPUTING NETS »¢ 
MAGNETIC DRUM AND CORE MEMORY # LOGICAL DESIGN e« 
PROGRAMMING ¢ VERY HIGH POWER MODULATORS AND 
TRANSMITTERS * INPUT AND OUTPUT DEVICES e 
SPECIAL DISPLAYS *¢ MICROWAVE CIRCUITS 


e 


Scientific and 
Engineering Staff 


HUGHES 


RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


> 


Culver City, Los Angeles County, California 


mention hobbies, family news or other not-too-perso 
matters; arrange informal bull sessions on business or n 
business topics. 

Interest is also shown by the boss who keeps a shi 
eye on his subordinates’ work-load, and similar matt 
An occasional “Joe, you’ve been hitting the ball pretty h: 
lately. How about taking tomorrow off?” does wonders 
results. Moves of this sort will pay dividends many ti 
over in loyalty and accomplishment. And they don’t 
far enough to violate another rule that many executi 
believe is sound: keep your business and personal li 
separate. 


[23] Don’t blow your top. 


The first rule in building a loyal team is courtesy. Tr 
pride, personality and self-respect as assets instead 
trampling on them. Remember, what the boss says ha 
special meaning and importance. An unintended inflecti 
a careless choice of words, an ill-timed joke, can all br 
misunderstanding and insecurity that interfere with « 
cient work. When you’re going to have an important t 
with an assistant, try to plan it out in advance. 

Above all, keep your temper. And don’t be annoyed 
internal grousing; it’s a perfectly normal safety valve t 
occurs in practically any organization. 


Be consistent. 


Whereas the boss who blows his top frightens suk 
dinates into their shells, the moody fellow just bewild 
them. A leader who jumps around like a bug on a 
griddle can’t win the confidence and support of the pec 
under him. One can follow only when the leader’s cou 
is steady, and reactions predictable. 


OUR NEW QUARTERS 


a 
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[13] Keep them informed. 


The members of a team feel entitled to know wh 
going on. Try to let your assistants in on plans and } 
jects, even at an early stage. It will give them that all- 
portant sense of participation. When they’ve had a par’ 
the shaping of a plan, it becomes as much theirs as yo 
Accordingly, they will feel personal responsibility for’ 
success. 


Build them up. 


The able employee—the one who can develop int 
company officer—usually doesn’t start clicking until he f 
that he has an important job and is essential to it. T 
he will tend to perform according to what is expectec 
him. If he knows his boss has confidence enough to exy 
a first-rate job, that’s what he’ll give him. It you wan 
build capable assistants, start with their self-respect. 
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15 Admit your mistakes. 


You can’t be wrong too often—but an executive doesn’t 
lose face when he admits an occasional mistake. After all, 
you might be surprised to discover just how fallible your 
subordinates think you are. When you frankly admit you’re 
vrong, your stock will climb through demonstrated fair- 
ness and honesty. Some have suggested that executives 
ought to make occasional mistakes deliberately, just so 
hey can admit them—but this isn’t likely to be necessary! 


16 Give them something to work for. 


Just as a research problem needs an objective, so does 
the researcher need a personal goal, a sense of direction, 
a something to strive for. In either case—career-wise or 
project-wise—he needs to know where he’s going, what 
he’s doing, and why he’s doing it, in order to plan his 
course intelligently and work effectively. 

The really capable junior just can’t get interested in 
working from day to day. He wants to see his particular 
job in perspective with his department, company and in- 
dustry. He wants to know how it relates to promotion pos- 
sibilities and to his future income. 


THERES LOTSA 
ROOM ON TOP 


Eid Let them get into the act. 
L 


et your people help make the plans so they feel a re- 
sponsibility for carrying them out. When two ideas of 
equal merit crop up, it’s usually good strategy to choose the 
one developed by the person who will carry out the project. 
He will feel personal responsibility in proving that his 
idea is workable. It’s good executive strategy, therefore, 
ito plant the seeds of ideas in the minds of others, so those 
who execute them will feel they are their own. 


jis Let them know where they stand. 


With every company bidding for able research personnel, 
it’s not enough just to hire a man, pay him his salary and 
orget him. He has to feel that he’s making some progress 
—or, if not, has to know why. There are a lot of ways to 
accomplish this, ranging from a formal rating system to 
periodic talks between an employer and an employee, deal- 
ing frankly with abilities and faults alike. How you accom- 
plish this point doesn’t matter—as long as you do. 

The sense of this article has been concerned with getting 
the most out of a given research staff. These eighteen points, 
f followed, will go far toward accomplishing that result, 
regardless of the state of the labor market. But, in an era 
of unprecedented shortages of scientific personnel, the same 
points will accomplish an even more primary objective— 
keeping an effective working team together after 
ou’ve been able to find them. Never was the premium on 


research management as high as in this tenth atomic year. 
x 


CcARCS INTERFERENCE 
(ZEISS| MICROSCOPE 


Made in West Germany 


For accurately measuring minute depths of roughness of super- 
finished surfaces, thicknesses of coatings, changes of surface struc- 
tures due to wear, impact, stress, strain, corrosion, as well as for the 
studying of polished and etched metallurgical specimens. 


Magnifications of 80x, 200x and 480x. Built-in Thallium and white 
light illuminators. Photography on 35mm film (1x1!-in.). 


Write for detailed literature and specifications on this industrial 
microscope. 


CARL LEISS, INC., 485 Fifth Ave., New York 17, N. Y. 


, Guaranteed uninterrupted repair service 


Gaer te? orrcar insteumentation 


Do you need to make a precise linear measurement? 


If so, it is quite possible there is a Gaertner instrument 
that will permit you to do the job conveniently, accurately 


and reliably. 


The illustration shows a versatile optical measuring instru- 
ment permitting extremely precise measurement in two 


coordinates. 


Write describing your measuring requirements and ask 


for Bulletin 161-54. 


THE GAERTNER SCIENTIFIC CORPORATION 
1249 Wrightwood Avenue, Chicago 14, Illinois 
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You need more than technical competence to 


Sell Your R/D Services 


Clinton F. Heil 


Assistant Director, Engineering Projects 


Ordnance Research Laboratory 


On various occasions personnel of the Ordnance Re- 
search Laboratory are requested by the Bureau of Ordnance 
to visit industrial facilities engaged in research, develop- 
ment and manufacture of equipment. Visits to these facili- 
ties are made to evaluate their ability to repackage, prod- 
uct design and production engineer previously developed 
equipment for production with standard tools and facilities 
available to American industry. 

Frankly, our personnel feels that a great amount of 
time has been expended needlessly and unprofitably by us 
and personnel of the facility contacted. During such visits 
we are usually greeted with questions concerning what we 
want to find out. We have come to regard this type of greet- 
ing as a standardized negative approach. After we express 
our desires and wishes, we are given a “pep” talk on the 
virtues of the company, a tour of the facility, a sumptuous 
luncheon, and finally a “how good we are” dissertation with 
“T hope we get the contract” as a parting shot. 

Over the years we have been impressed with the time 
and effort spent by industry in evolving vast sales organiza- 
tions to make the general public aware of their products. 
We feel that some managers of research, development and 
production facilities overlook an important opportunity: 
efficiently and honestly presenting a picture of their prod- 
ucts, available facilities and services to buyers such as the 
U. 8. Government. All hope to obtain a contract but not 
enough sell their organization in a positive way. It 
would be difficult to measure the effectiveness of the vari- 
ous techniques employed by industry to point out to people 
visiting their facility just what they can do; from a 
buyer’s standpoint we would like a more positive approach. 
We do not suggest that industry prime its employees to 
give the correct answers at the correct time, but rather 
that management adopt a more positive approach. 


Initial Contact Errors 


Management makes its first miS8take during the initial 
contact, usually a telephone call that we open with: 


“We would like to visit your plant and find out 

if you have the available facilities for some 

government work.” 
The customary reply is that they will be pleased to have us 
visit them and that we shall be met by one of their person- 
nel and taken to their plant. We are seldom given an oppor- 
tunity to expand on our mission since the contact usually 
terminates at this point. 

We would prefer that, during our initial contact, manage- 
ment ask us specifically what type of work we have in 
mind, our reasons for visiting their facility and the nature 
of the job—whether it is one of research, development, 
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product design or production. They could also make som 
effort to obtain background information about us of tl 
type in the check list'on the following page. The combine 
information—who we are, what we do and what we war 
done—would enable them to set up a realistic and inforn 
ative agenda for use during our visit. 

It is annoying to be asked what we want to find o1 
during our visit. This information should be determine 
beforehand so that management could prepare prope 
answers. Then it would have been possible for them 1 
say: 

“We understand you are visiting us for the followin 

reasons ... To give you this information we woul 

like to present an outline of our entire organization wit 
emphasis on... .” 

Management could then trace for us in a function: 
way how jobs are handled with special emphasis on ho 
they keep jobs flowing through their various division 
The next step would be to have them conduct us on a tov 
of the plant with every opportunity to see their facilitie 
to talk with the working personnel, to review the wor 
they have done and the work they are doing. Particule 
emphasis should be on facilities and hardware related 1 
our interest. 

After the functional, operational and physical facilit 
potentialities have been presented, management could te 
us how the job we have in mind could effectively be handle 
A conference could then summarize the additional problen 
of mutual interest. 


Need For Improved Sales Techniques 


We have made a special effort to talk with represent: 
tives of management about this general subject. Althoug 
they agree that a more positive approach would be mol 
effective in selling their products and services, they en 
phasize in defense of their present methods that the 
representatives in management in general are technic 
men without training in sales work. If this situation do 
exist, then they need to borrow salesmen techniques af 
use them in such a way that the technical people in mai 
agement could more effectively bring before prospectit 
buyers a realistic picture of their organization potential 
This problem is a common one to research and develo 
ment groups such as ours. 


Ordnance Research Laboratory 


The following facts about our group represent the type 
preliminary information management should make so 
effort to obtain before undertaking an active campaign 
R/D contracts. 
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The Ordnance Research Laboratory, established in Sep- 
mber 1945 as a department of the College of Engineering 
id Architecture of the Pennsylvania State University, 
niversity Park, Pa., is a research and development or- 
nization operating in support of the Bureau of Ordnance, 
epartment of the Navy. It provides the Bureau of Ord- 
ince with an organization through which research and 
velopment can be accomplished in an academic atmos- 
ere. As such, its work complements, rather than sup- 
ants, that of government-owned laboratories. 

The work of the Laboratory is handled through a pro- 
ct organization and covers the gamut of research, de- 
lopment, testing and production engineering. Over one- 
uf of the total effort of the Laboratory is devoted to re- 
arch and development; the rest is expended on the engi- 
ering and production phases of specific weapons and 
juipment commonly called hardware. For the most part, 
e tackle scientific problems in the broad field of under- 
ater ordnance. As such, our work lies primarily in the 
Ids of electronics, acoustics, mechanics, hydrodynamics, 
lid mechanics and applied mathematics. The Laboratory 
nploys approximately 300 men and women, about 100 of 
hom hold academic rank in the University. 


ivisional Setup 


Work is handled through seven divisions; the following is 
1 abbreviated organizational chart. All members of the 
Iministrative staff report to the director of the Labora- 
ry, Dr. Gilford G. Quarles, who in turn reports to the 
ean of the College of Engineering and Architecture, Dr. 
ric A. Walker. Through the dean, director and assistant 
rectors, the Laboratory maintains continual liaison with 
ie Navy Department, while the liaison with the Univer- 
ty administration is maintained through the dean’s office. 
hree assistant directors are responsible to the director 
r the technical operation of the Laboratory. The Re- 
arch Projects Division, under an assistant director, Mr. 
rthur T. Thompson, is responsible for the research and 
velopment projects. Its personnel consists primarily of 
oject engineers, each of whom is in charge of a particu- 
project and supported by a group of engineers. 

The Engineering Projects Division, under an assistant 
rector, handles problems arising during crucial periods 
' engineering, early production and proofing of weapons 
id components developed by the Laboratory. Its personnel 
nsists of project engineers, each of whom serves as a 
1ison and consulting engineer to the Bureau of Ordnance 
id the manufacturers of weapons. The Water Tunnel 
nder assistant director, Dr. George F. Wislicenus, is or- 
nized on both a project and a functional basis to carry 
t its dual mission: 

(1) To conduct research and development to improve 
underwater propulsion particularly through the develop- 
ment of a system of propeller design that will result in 
more effective torpedo propellers. 

(2) To provide manpower and facilities for highly spe- 
cialized work in hydrodynamics in support of other 
Laboratory projects. 

Inder its manager, Mr. Robert F. Marboe, the Engineer- 
ge Services Division is organized on a subject basis to 
ovide the projects of the Laboratory with specialized 
vices. This division, the largest personnel-wise in the 
boratory, is divided into three sections. The Editorial 
etion is responsible not only for the editing and printing 
ORL publications, but also for the operation of the ORL 
Te; 
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INITIAL CONTACT CHECK LIST 
Background information on possible R/D clients helps 


you fit your facilities into their needs. Here’s a check list 
of what you should know before making initial contact: 


[] The exact name of the organization, its location and 
affiliates. 


[] Its purpose, support and physical plants, 


[] The specific type of work farmed out (research, de- 
velopment, production). 


[_] Who heads the organization. 


[_] The names of key men in each of its divisions. 
[] The professional status of its personnel. 
(] Who publicizes its work—as source of information. 


[_] How sponsored projects are initiated. 


Technical Library. Technical Services Section is divided 
into groups for chemistry, drafting, photography, machine 
shops and electronic construction. Field Stations Section 
provides services at the field stations and the acoustic 
calibration station. The business manager and his staff 
perform not only the routine but necessary functions such 
as purchasing, accounting and property control, but also 
the rather unusual ones of special procurement, patent 
processing and security control. 


Project Birth and Growth 


A project within the Laboratory may originate to supply 
needs discovered by the Navy. Many of our projects, how- 
ever, originate within the Laboratory itself. In either event 
the project is discussed, defined and formalized in con- 
ference between representatives of the Bureau of Ordnance 
and our Laboratory and approved by the Bureau of Ord- 
nance. When it is definitely made a part of the Laboratory’s 
program, a project engineer guides it through the four 
stages necessary for successful completion: study and de- 
sign, construction, testing and reporting. A staff or task 
force of engineering specialists assists the project engineer. 

To provide office and laboratory space for the program 
of the Laboratory, the Navy Department has built two 
well-equipped Laboratories for acoustics, electronics and 
mechanics research and development. A calibration station 
in connection with our acoustics work is located on Black 
Moshannon Lake, 23 miles from the Laboratory. In addi- 
tion to the facilities at University Park, the Laboratory 
operates two field stations for its testing programs; one 
at Key West, Florida and the other at Newport, Rhode 
Island. A member of the technical staff represents the 
Laboratory at the Naval Torpedo Station, Keyport, Wash- 
ington. 

It appears reasonable to assume that background infor- 
mation of the above type should be obtained on any agency 
that contracts R/D projects. Armed with this data, man- 
agement can begin to ferret those additional facts that will 
enable it to organize the presentation of its facilities toward 
the award of a contract. se 
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As a practical source of energy, the atom 
was in the realm of speculation as little as 
ten years ago. Last month earth satellites 
emerged from their science fiction category. 
And now utilization of a relatively un- 
tapped vast source of energy enters the 
realm of practicality as R/D_ engineers 
and scientists. 


Turn to 


The Sun 


Charles A. Searlott 


Stanford Research Institute 


The sun daily showers the world with several thousand 
times more energy than man uses. The energy falling in 
mid-day on an acre of ground in southern United States is 
at the rate of about 4000 horsepower, roughly equivalent 
to the power of a large diesel locomotive. The sun pours 
onto the average housetop in the United States more than 
a hundred times as much energy as the house receives via 
the electric power wires. 

This energy is free for the taking. But the taking is 
proving to be extremely difficult. Ancient man attempted 
to make practical use of sun heat. Ponds of sea water were 
dried to obtain salt and about one and a half million tons 
of salt are still obtained this way annually in the Middle 
East. Early history also tells of other uses of solar energy 
more novel than useful, such as opening temple doors and 
turning statues on their pedestals. 

In spite of today’s highly advanced technology, pretty 
much the same situation still prevails: A few isolated ap- 
plications of solar energy can be named. But they are 
small scale for special and limited purposes. Altogether 
they make no significant impression on the general energy 
situation. 

The difficulty of utilizing energy radiated by the sun 
is becoming increasingly clear. The simple things have 
been tried. Much has been learned basically about solar 
energy in the last decade, and several areas are of sufficient 
promise to justify extensive technical study and develop- 
ment. However, no satisfactory, economical approach to 
large scale solar energy capture is in sight. 


The Shrinking Energy Stockpile 


Unfortunately we can no longer dismiss the harnessing 
of solar energy just because it is a difficult problem and 
turn our attention to other things. Examination of the 
world energy outlook emphasizes that use of energy is 
rising at an unprecedented rate and that the rate will grow 
steeper. This is due in part to the rapid increase in popula- 
tion and the general improvement in standards of living. 
Also many industrial developments are placing new burdens 
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Forty ton solar oven in Algiers, North Africa, designed 
Professor A. Guillemonat, synthesizes nitric acid from ¢ 


water, chalk and sunshine. Its 2714 foot parabolic reflec 
creates temperatures up to 3,000 degrees C. 


on fossil fuel supplies. To produce a ton of iron ore ¢ 
centrate from taconite rock for the blast furnace of a st 
plant requires at least 50 times more energy than the eas 
mined, directly usable ore from the dwindling Mesabi p 
Detergents of fossil fuel origin are replacing soap mi 
from animal tallow and fats. The oil well, not the tree, p 
vides the raw materials for synthetic rubber. Silk produ 
from mulberry leaves by worms has been largely supplan 
by nylon that starts with a lump of coal. Most man-m: 
fibers and plastics have their beginning in coal, oil or g 
Replacement of the horse by the tractor shifts an ene} 
burden from vegetation to fossil fuel reserves. 

On the other hand, the total lifetimes of various reser 
of fuel—coal, oil, gas and fissionable materials—are 
question. However, the differences of opinion center arot 
the decades of remaining lifetimes of the reserves, * 
whether they number in the hundreds or thousands 
years. | 


Nature of Sunlight 


If better ways of putting harness on the sun’s rays | 
to be found, it is appropriate to ask just what it is we: 
trying to harness. The sunlight we see, the infrared 
feel as heat but cannot see and the ultraviolet we | 
neither see nor feel are in the same family with alternat 
current, radio, television, heat and X-rays. All are wa 
of energy known as electromagnetic radiation. 

To human eyes sunlight appears to be smoothly c 
tinuous, as though it were one thing. The rainbow, h¢ 
ever, gives a clue to its real nature—that sunlight con 
of light of many colors, extending from a small amount 
the ultraviolet (as anyone with a sunburn knows) to. 
visible violet, on to the red and deep into the infrar 

Even this concept of the structure of sunlight is 
enough. Sunlight and all the other forms of electroma 
radiation consist of tiny but discrete packets of energy. . 
example, all red light of one particular color, i.e., one W 
length, consists of individual photons of energy of a 
amount. There are no fractional size photons for lig 
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Felix Trombe’s 
40 foot solar 
oven on Mont 
Louis in the 
Pyrenees is one 
of the largest 
applications of 
solar energy. It 
is used in pro- 
duction of re- 
fractory mate- 
rials and _ at- 
tains tempera- 
tures well 
above 3000°C. 


3. W. Gibson 
dak. oN: 
her, direc- 
s of Nation- 
Physical Lab 
ir Delhi, In- 
1, inspect 
actional 
sepower hot 

solar en- 
e. 


Solar rice cooker at the 
Goto Optical Lab in 
Japan is viewed by 
Paul L. Magill (cen- 
ter), senior scientist at 
SRI. The 36 mirror 
apparatus boils water 
within an hour. 


thor (left) and Dr. Robert Eustis, Manager of the Heat and 
chanics Section in the Physics Department, look at the flat- 
te collectors of the solar energy pump built by Societa 
tori Recuperi of Lecco, Italy. 


a given color. The shorter the wave lengths, which are those 
toward the ultraviolet end of the spectrum, the more en- 
ergetic are the photons. The energy of an infrared or heat 
photon is much less than that of visible light photons. 

Thus we can think of energy from the sun as made up 
of tiny “bullets” or packets of energy of different sizes de- 
pending on their wave length. Those photons that make the 
93 million mile trip and survive the hundred miles or so of 
earth atmosphere strike the molecules of the earth’s sur- 
face—earth, rocks or the leaves of a plant. Solar energy 
capture then, involves putting to work the various ways 
an individual molecule responds when hit with a solar 
energy “bullet”, All solar devices can be conveniently 
grouped according to these molecular responses. 

The simplest response of a molecule to a photon of im- 
pinging energy is to reflect it. The molecule may reject the 
photon instantly. Only the direction is altered in this mirror 
effect. The molecule and its constituents are not altered by 
the radiation. The reaction of the molecule to the photon is, 
in effect, nothing. 

Nearly one third of the sun’s rays that reach the earth 
surface is reflected instantly to the sky, where it is lost 
forever among the stars. A mirror alone is not a solar 
energy device. But, as later discussed, it can be teamed 
with a device operating to convert light to heat to make a 
solar stove or furnace. 


Molecular Motion 


The most extensive use of solar energy by man is its con- 
version to heat. This is accomplished with a second effect 
of solar photons impinging on earth surface molecules: a 
photon sets a molecule in motion just as a pebble tossed 
against a hanging sign moves it a little, either back and 
forth, or causes it to vibrate. The molecule accepts the 
energy of the photon briefly, then as it settles back to rest. 
t gives up all that energy. But—and this is important— 
che energy is released in several bundles of smaller size. 
The high energy photon of visible light is stepped down or 
degraded into the smaller infrared photons, i.e., heat. 
Never are two or more photons converted by molecular 
motion into a single more energetic one. The conversion 
is always downhill, towards heat. 

The action of molecular conversion of light to heat is the. 
basis of the greenhouse. It is also the principle at work 
in the flat-plate collector. Light energy passes through the 
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Author (left) and Dr. Eustis stand beside operating mechanism 
of the solar-operated pump. Dr. Eustis points to the pressure 
gauge at back of heat exchanger. To right of fly wheel is ver- 
tical single cylinder engine. 
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ENERGY DATA 
The Sun and Sun Energy 


Mass of sun = 332,488 times 


mass of earth 
= 864,000 miles 


Temperature of sun surface, approx. =10,000°F. 


Apparent diameter of sun 


Temperature of sun corona, approx. = 20 million°F. 
Temperature of sun center, approx. = 30 million°F. 


= 4 million tons 
of hydrogen 
(to helium) 


= 0.38 trillion, 
trillion kw 
(3.8 x 1078kw) 


Energy reaching outer atmosphere of = 170trillionkw 
earth : (170x10”’kw) 


Proportion of sun radiation reaching =less than one 
outer atmosphere of the earth thousand mil- 
lionth 


= 85 trillion kw 
(85 x 101? kw) 


Solar energy received in United =9000 trillion 

States per year, approximately kw-hr or 1150 
billion tons of 
coal 


Solar mass consumed, per second 


Total energy release by sun 


Energy reaching earth surface, 
approximately 


cover of glass, which is transparent to short-wave radia- 
tion, and is converted into heat energy by the objects inside. 
The heat is trapped therein because glass is opaque to long- 
wave radiation, i.e., heat energy. 

Flat-plate collectors consisting of one or more layers of 
glass or other transparent material are placed over some 
good solar energy absorbing material, with a space between 
them. The collector is generally a stationary device set at 
an angle to best receive the sunshine. Air, water or some 
other fluid is pumped through the space between heat ab- 
sorber and glass cover. In passage the fluid collects the 
heat and conveys it to the point of use. 

Many ingenious flat-plate collectors have been devised. 
One interesting form, suggested by Dr. Vannevar Bush, 
is being studied at Stanford Research Institute. The prob- 
lems of the flat-plate collector are primarily those of cost. 
The more or better insulating materials around and under 
the bed of the collector, the less the heat lost. Also, up to 
a point, the more layers of glass or other transparent cover 
used to create dead-air space above the collector the better 
the heat retention. Flat-plate collectors are deserving of 
much more effort to improve their form and to reduce the 
cost of materials used in their construction. 

The warmed air or liquid from a collector can be used in 
various ways. One is for house heating. Several such 
houses have been constructed, usually with the flat-plate 
collector as part of the building structure. Heat from the 
collector is stored by warming water, stones or chemical 
materials. At night or on chilly days the heat is withdrawn 
by pumps or fans as needed. In the solar-heated house in 
Dover, Massachusetts, heat from the collector is blown 
around cans of a salt that melts at 92° F. and thereby ab- 
sorbs a large amount of heat for its volume by latent heat 
of fusion. Several salts, such as sodium sulphate com- 
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FOSSIL FUEL RESERVES 
and Consumption and Energy in the U.S. 


Coal—estimated recoverable re- 
serves, January, 1954= 937,800 million tons 
production, 1952= 467 million tons | 


Petroleum—estimated proved re- 
serves, January, 1954= 28,946 million bbl 
consumption, 1953= 2,932 million bbl 


Natural Gas—estimated proved 
reserves, January, 1954= 211.4 trillion cu ft 
consumption, 1953= 9.2 trillion cu ft 


Energy equivalent of fuels consumed, 1953 
from coal = 12,632 trillion Btu 
from petroleum = 15,912 trillion Btu 
from natural gas = 9,057 trillion Btu 


Grand Total = 37,605 trillion Btu 


Electric power generated, 1954 
from coal 
from oil 
from gas 
from other 
from water power 
Grand Total 


Total installed generating capacity, 
January, 1955 


233 billion kw-hr 
82 billion kw-hr 
92 billion kw-hr 

8 billion kw-hr 

106 billion kw-hr 

472 billion kw-hr 


Ho Wt UU 


= 102 million kw 


Electric energy consumed by average 


residence, 1954 = 2,540 kw-hr 


monly known as Glauber’s salt, conveniently melt in the 
range between 85° and 110° F. 

The hot gas or liquid from the flat-plate collector can also 
be used to drive some form of heat engine to pump water 
or to perform some other work. A firm in Italy is selling 
solar operated pumps. These range in size from one tenth 
to three horsepower. These are successful devices for 
pumping water in sunny, fuel-scarce regions if the tem- 
perature of the water being pumped, and also used in the 
condensing portion of the engine cycle, is relatively cool. 
Pump efficiency falls off rapidly with water warmer than 
about 65° F. 

The efficiency of any heat engine is inherently limited. 
The maximum efficiency of a device that performs work 
by utilizing the difference in two temperatures, such as 
those of steam and water, is fixed by the ratio of that dif- 
ference in temperature to the higher temperature (using 
a scale of absolute or Kelvin temperatures). This is the 
well known Carnot-cycle efficiency that governs all heat 
engines. A perfect solar engine, then, that receives heat 
at a temperature of 250° F. above its condensing source of 
say, 65° has a maximum efficiency of about 32%. Practical 
considerations cut this at least in half. 

Although a heat engine has a definite efficiency ceiling 
depending on the two temperatures, much can be done to 
raise the performance within that limitation. Much re- 
search and development has been directed to high tempera- 
ture machines such as internal combustion engines and 
turbines, but relatively little to improving engines that 
operate on small temperature differences. 

Efficiency alone is not the criterion of success of a solar 
device. The objective is to produce energy in a form suit- 
able for the need at hand and at a price that is competitive 
with other sources. Efficiency is often important in the cost 


f energy, but there are many other factors, such as first 

st of the equipment, operating expense, maintenance, 

energy form and storage. | . 

_ Heat from a flat-plate collector can also be applied to one 
junction of a thermocouple, which consists of two dissimilar 
metals with their ends joined. If one junction is hot and the 
other cold an electric current flows between them. Although 
thermocouples produce direct-current electricity, they are 
inefficient. Not more than about four percent, and usually 
much less, of the energy supplied as heat appears as electric 
energy. They are subject to inherent limitations of 
efficiency as are other heat devices. Sun-operated thermo- 
couples are useful for certain limited purposes but the pros- 
pect of producing large quantities of electric power with 
them is poor. 

In spite of the problems attending heat devices, the prin- 
ciple of setting molecules in motion by solar radiation is 
important nonetheless. And the full possibilities of this 
technique have not been exhausted. For example, it has 
been found at the Dead Sea solar salt beds that the addition 
of a small amount of harmless dye to the brine increases the 

rate of evaporation by a third. This is because the reflec- 
tion of sunlight by the white salt on the bottom of the beds 
is substantially eliminated. It has even been suggested that 
this same idea could be applied by farmers to hasten snow 
melting in the spring and hence lengthen the growing 
season. Or, conceivably, a way might be found to store 
solar heat during the day, as in fused salts, for release in 
orchards or gardens when frost is imminent. 

The possibility of using solar heat to produce large vol- 
umes of fresh water from the sea is remote. However, 
solar stills are practical where the need for water is great, 
sunshine is in abundance and fuel scarce. The solar still 

to produce drinking water by aviators downed at sea is an 
example. 


Solar Cooker And Furnace 


The two types of molecule reaction to light thus far dis- 
cussed, reflection and molecule motion, can be paired to 
provide two other important solar heat devices: the solar 
cooker and the solar furnace. By using mirrors (or lenses, 
which accomplish the same thing) the impinging photons 

are redirected and concentrated onto a small area that con- 
verts them to heat. 

Several varieties of stoves have been demonstrated. A 
simple form of stove is being manufactured for sale at 
about $15 in fuel-poor but sun-rich India. A solar oven 
_ designed by Maria Telkes of New York University and 
b consultant to Stanford Research Institute on solar energy 
uses four flat mirrors to direct the sun’s rays into an oven 
_ that achieves a temperature of about 350° F. 

A few solar furnaces are in operation. The Consolidated- 
Vultee Aircraft Company in San Diego uses one with a 
 ten-foot mirror for metallurgical research. Professor Felix 
Trombe of France has a furnace with a mirror 40 feet 
across. It is used to produce refractory ceramics such as 
fused quartz and titanium dioxide on a commercial basis. 
He is building four other, smaller mirror-type furnaces for 
experimental use. A furnace of different design with an 
aluminum reflector 2714 feet across was built by the govern- 
‘ment of Algeria to produce fertilizer by fixation of nitrogen 
‘in the atmosphere. 

Solar furnaces are relatively efficient, converting up- 
wards of 70% of the total incident radiation into usable 
heat. Temperatures above 7000° F. have been obtained. 
The solar furnace provides a readily controllable means of 


obtaining extremely high temperatures and is a useful tool 

for several applications. However, it produces heat only 
when the sun shines and requires a mechanism to keep it 

ries be well on the sun. The initial cost is comparatively 
igh. 


Electron Disturbance 


A third type of response of a molecule to light energy is 
the disturbance of the satellite electrons from their normal 
orbits. When the molecules of certain substances receive 
light energy, some of the electrons spinning around the 
nuclei of the atoms are boosted into orbits farther out. 
Eventually—in a time that may be as short as a millionth 
of a second or as long as several hours—the electrons fall 
back into their original orbits. They almost never do it 
in a single jump, but in a succession of steps. At each step 
a photon of energy, smaller than the original, is emitted. 
Thus the color of the light emitted differs from the incident 
light. This is phosphorescence, so called because phosphorus 
is one of the more common substances that behaves this 
way. 

Phosphorescence is an interesting way of storing light 
energy briefly. While it has some limited applications, it 
is not regarded as having any prospect as a major energy 
device. 

Potentially of much greater significance is a fourth way 
of operating on the molecule with sun energy. When the 
atoms of certain molecules are hit hard enough, some elec- 
trons are jolted entirely out of their orbits and away from 
the parent atom. Once out in the open they create an elec- 
tric potential that causes a direct electric current. 

This is the principle of the photographer’s exposure 
meter. While it is an extremely useful device, it is in- 
efficient. It converts only about two tenths of one percent 
of the received light into electric energy. 


Silicon Solar Battery 


A much more attractive photoelectric power source is the 
silicon solar battery. One has been demonstrated by Bell 
Telephone Laboratories. The announced efficiency is eight 
percent, but improvement can be exepected. However, the 
silicon cell has a ceiling efficiency of about 227% because 
most solar photons (those in the infrared) are too weak to 
dislodge electrons from the silicon surface. Much of the 
sun’s radiation is simply wasted as heat or is reflected. Also 
the energy to lift an electron away from its normal orbit 
around a molecule nucleus is a specific amount. Surplus 


Solar Energy Received At Selected Cities, Average 


BTU KW-HR Million 

Per Per Kw-Hr 
Square Square Per 
Foot Foot Acre 

Per Day PerDay Per Year 


Boston, Massachusetts 1110 0.336 5.18 
Cleveland, Ohio 1312 0.385 6.12 
El Paso, Texas 2037 0.596 9.50 
Fresno, California 1670 0.489 7.79 
La Jolla, California 1526 0.446 7.02 
Las Vegas, Nevada 1822 0.534 8.49 
Lincoln, Nebraska 1354 0.397 6.32 
Miami, Florida 1497 0.439 6.98 
New York City 1054 0.308 4.92 
Salt Lake City, Utah 1442 0.420 6.73 
Seattle, Washington 1160 0.340 5.41 
Washington, D. C. 1234 0.361 5.76 
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energy is spent needlessly accelerating the electron. The 
energy left over from one photon cannot be used to partially 
dislodge another electron. Hence, not all the energy of the 
more energetic photons toward the violet end of the spec- 
trum can be used. 

Perhaps an eventual efficiency of some 15% can be ex- 
pected for a practical silicon battery. That is pretty good, 
because it is a direct conversion device without moving 
parts, requiring no attention. Indeed, the performance of the 
present silicon battery is good enough for the device to be 
practical for many purposes where small amounts of energy 
are adequate and where continuity is not essential. 

Further research on the principle of photoelectricity is 
definitely worthwhile. Materials other than silicon may be 
found that are less costly or more efficient converters of 
solar to electric energy—preferably both. 

In all the ways of using solar photons discussed thus far 
the molecular structure has remained intact. As outlined, 
the molecule may be set in motion, the satellite electrons of 
its atoms may have been disturbed or dislocated from the 
atom, but the location of atoms in the molecular structure 
has been unaffected. But there are ways of using solar en- 
ergy to cause molecular changes that are of greatest im- 
portance energy-wise. They are, indeed, the means by which 
we remain alive. They are the source of our food. Also our 
oxygen. Plants and simple animal forms use the energy 
of sunlight to effect molecular changes. 

The best known reaction of this sort is the use of solar 
radiation by chlorophyll to convert water and carbon diox- 
ide into carbohydrates and oxygen. The general steps of 
chemical reaction are well understood. The reaction can be 
easily written as carbon dioxide plus water plus 112 kilo- 
calories of energy is converted to carbohydrate and oxygen. 
This is photosynthesis, which is accomplished by chloro- 
phyll, a basic substance to all living plants. Chlorophyll has 
been isolated and studied but science has not succeeded in 
synthesizing it. 


Research on Photosynthesis 


How chlorophyll is able to make carbohydrates and oxy- 
gen out of water, carbon dioxide and sunlight is a mystery. 
It has been the subject of long research in many parts of 
the world. Only recently has come the work of a group of 
scientists at the University of California identifying the 
steps by which the reaction is accomplished. For, in steps it 
must be. How a reaction requiring 112 energy units can 
be effected with photons having only about 40 to 60 units 
of energy is the puzzle. Scientists have not been able to 
combine the effect of two or three photons to do the work 
of one big one. 

Photosynthesis, for all its importance, is not an efficient 
converter of sunlight into chemical energy. Most scientists 
believe that it is in the neighborhood of 25%. And even that 
is utilization of the total light falling on the plant and is 
achieved only under the best laboratory conditions, almost 
never in open fields. In: the fields and forests the conversion 
is much less, considering that the energy in the infrared 
spectrum (about half the total) is not used, that much of the 
energy falls on bare ground between the plants, that the 
growing season is only a portion of the year, and so on. The 
conversion for even the best plants, such as sugar beets, 
is about two percent. Most farm crops use about one half 
of one percent of the light that falls on the field. 

Photosynthesis is also accomplished by simple plant 
forms such as algae and by the phytoplankton of the sea. 
In particular the green unicellular algae chlorella has com- 
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manded a great deal of research attention and offers con- 
siderable prospect of producing both food and fuel. This 
technique has much to recommend it. Chlorella can be 
grown in a water solution on a continuous basis. The pro- 
portions of carbohydrate, protein and fat in the end product 
can be varied widely. If chlorella could be grown in large 
quantities with the same yield as in laboratory culture, the 
result would be 20 tons of protein and 3 tons of fat per acre 
per year, which far exceeds the possibility with land plants. 
This would be an efficiency of nearly 20%. But no one has 
succeeded in doing this yet. There are many unsolved prob- 
lems of proper turbulence of the water containing the algae 
(sunlight is too strong for continuous exposure of the 
algae), most suitable temperature, carbon dioxide supply 
and development of disease-free strains of chlorella. 


Radiant Energy For Water Dissociation 


While scientists have not yet copied the photosynthesis 
reaction, they have great hopes of using solar energy to 
perform a different type of energy storing chemical reac- 
tion. Of great fascination is the possibility of breaking up 
water into its constituent hydrogen and oxygen for later 
recombination to recover the energy. 

Several reactions by which water is dissociated by radi- 
ant energy into oxygen and hydrogen are known. Dr. L. J. 
Heidt, at MIT, has been experimenting for several years. 
with the chemical decomposition of water containing ceric 
perchlorate and perchloric acid by ultraviolet light. The re- 
action does not seem to lend itself to general use as a means: 
of capturing solar energy, however, because it uses only a 
relatively small part of the sun’s rays. 

Scientists of Stanford Research Institute are studying a 
different reaction for breaking water into its components. 
In this reaction a solution containing water, an inorganic 
chemical and a small amount of chlorophyll as catalyst is: 
exposed to sunlight. The products of the reaction, again, are 
oxygen and hydrogen. It is too early to state what success 
will be achieved. However, the reaction in theory is attrac- 
tive because it can use almost all of the visible spectrum of 
sunlight. 

Use of sun energy to effect the rupture of water molecules 
is promising and justifies major research effort. Water is 
readily available as raw material. If it can be inexpensively 
and efficiently dissociated into oxygen and hydrogen the 
troublesome problem of energy storage would be solved. 
Hydrogen could be conveniently stored as a gas and the 
energy recovered by burning, releasing heat and forming 
water. The temperature of burning oxygen and hydrogen is. 
extremely high—too high for present known heat engines. 
Effective utilization of these temperatures to produce me- 
chanical or electrical energy would entail further research 
and engineering effort. 

Also there is prospect of recovering the energy directly 
as electricity without going through the wasteful heat: 
cycle or the use of moving machinery. Experimental cells 
exist for. doing this. In one, the Bacon cell, hydrogen and 
oxygen are introduced through porous walls enclosing a 
liquid electrolyte. Therein they recombine to form water 
and electric current without the production of significant 
amounts of heat. Extremely high efficiencies of these small, 
laboratory cells, 50 to 65%, are reported. Additional work 
on cells such as this appears definitely to be in order. 

The attack on the problem of solar energy capture is 
gaining momentum. While the obstacles are formidable, the: 
rewards for accomplishment are great. It is probable that 
success is mandatory. “ 
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NBS Studies Stark Rubber in Basic Research on 
Crystallization Properties of Polymers 


WASHINGTON, D. C.—To obtain infor- 

mation which may serve as a guide in the 

preparation of new types of polymers, the 

National Bureau of Standards is conduct- 

ing a basic research program on the crys- 

tallization properties of polymers and 
their correlation with molecular structure. 

A recently completed phase of the program 

dealt with the nature of stark rubber. 

The physical: properties of polymers and 
their ultimate end uses as rubbers, plastics 
or fibers depend greatly on the presence or 
absence of crystallinity and on the melting 
temperature. Many plastics and fibers 
would be rubbers if they were not crystal- 
line at ordinary temperatures; actually 
these materials do become rubberlike above 
their melting temperatures. On the other 
hand, many rubbers owe their strength to 
the development of crystallinity on stretch- 
ing. Yet rubbers that develop appreciable 
crystallinity on cooling tend to lose their 
elasticity and extensibility at low tem- 
peratures. 

The term “stark” is applied to those 
occasional specimens of natural rubber 
which are hard and inelastic after pro- 
longed storage in temperate climates due 
to the development of appreciable crys- 
tallinity. Perhaps the most unusual prop- 
erty of stark rubber is that its melting 
point is considerably higher than that 
of ordinary rubber. However once melted, 
stark rubber thereafter melts at the lower 
temperature and otherwise behaves like 
ordinary natural rubber. 

The anomalous melting behavior of stark 
rubber has long been an obstacle to more 
complete understanding of the thermody- 
namics of polymer crystallization. To find 
out how stark rubber is formed and the 
reasons for its high melting temperature, 
the Bureau investigated the melting be- 
havior and X-ray diffraction patterns of 
four stark rubber samples from widely 
different sources. These were found to have 
melting temperatures in the range from 

389° to 46°C, as compared to a melting 
point of 28° for natural rubber crystallized 
by cooling only. 

The melting behavior of the stark rub- 
ber also differed in other ways from that 
of ordinary natural rubber and other poly- 
_ mers. In the temperature interval from 
~ about 35° to the melting temperature, the 
specific volume increased very slowly under 
isothermal conditions. Yet the total volume 
change at a given temperature was appre- 
ciable. This necessitated raising the tem- 
perature of the samples very gradually. 
Thus the total heating process for a typi- 
cal determination of the melting tempera- 
ture took 50 to 100 days. 

X-ray diffraction patterns obtained from 
the stark rubber samples at room tempera- 
ture gave a rather clear indication of the 
basis for the observed crystallization be- 


havior. Though the diffraction haloes cor- 
responded to the spacings observed in 
natural rubber that has crystallized either 
by cooling or stretching, the intensities of 
the diffracted X-rays around the circum- 
ference of the rings were not uniform. This 
result indicates a preferred orientation of 
the crystallites as compared to the random 
orientation observed in systems where 
crystallization is induced solely by cooling. 
Because the crystallites are oriented, the 
amorphous regions that connect them must 
also be oriented to some extent. In such an 
oriented system there are two possible ex- 
planations for the higher melting tempera- 
ture. If the orientation is maintained on 
fusion, the melting temperature will be 
raised because less entropy is gained on 
melting relative to the unoriented system. 
Alternatively, at an appropriate tempera- 
ture the oriented amorphous regions can 
rearrange themselves to their new probable 
configurations, and the crystallites will be- 
come unstable and melt. The latter behavior 
is more likely in the case of stark rubber, 
since normal crystallization behavior is 
observed after the initial melting. 

The orientation in stark rubber is prob- 
ably due to the original plantation process- 
ing. After coagulation of the latex, the 
amorphous rubber is rolled into sheets 
which are stacked one upon another. The 
bale of rubber is then subjected to a rather 
large simple compressional stress, which 
probably can cause the amorphous seg- 
ments to be preferentially oriented; the 
high viscosity of natural rubber enables 
this orientation to persist for long periods 
of time at the usual storage temperatures 
when the external stresses are removed. 
Orientation of the chain segments, in turn, 
facilitates crystallization at temperatures 
where crystallization is prohibitively slow 
for undeformed rubber. 

In principle, other crystalline polymers 
could display this same melting behavior. 
In stark rubber the high viscosity of the 
amorphous material allows orientation of 
the chain segments to be maintained for 
relatively long periods of time in the tem- 
perature range of interest whose lower 
limits are set by the equilibrium melting 
temperature of natural rubber. As long as 
the equilibrium melting temperature is 
sufficiently low, as in the case of natural 
rubber, for the rate of amorphous rear- 
rangement to be slow, this phenomenon 
should be observed. 

Orientation during crystallization is es- 
sential in preparing stark rubber in the 
laboratory under controlled conditions. 
Crystallization should occur while the rub- 
ber is being deformed. When the external 
stresses causing the deformation are re- 
moved, the orientation will persist at tem- 
peratures above the equilibrium melting 
temperature of natural rubber. 


NBS observes volume-temperature 
changes in stark rubber by containing 
samples in small volume dilatometers 
held at constant temperature within the 
two glass jars. Changes in volume are 
observed as the displacement of a mer- 
cury meniscus within a capillary tube 
connected to the dilatometer. 


patterns of 
stark rubber specimen at room tempera- 
tures shows preferred orientation of crys- 
tallites by nonuniformity of some of the 
rings. A: Naturally occurring sample. B: 
Sample prepared in laboratory. 


Typical X-ray diffraction 


What Makes An Executive? 


ELI GINZBERG 
CHAIRMAN ROUND TABLE REPORT 


Reviewed by Richard G. Kopff 
Arma Division, American Bosch Arma 
Corporation 


Here is an unusual report on executive 
potential and performance recorded during 
eight meetings of 17 top-flight executives 
and specialists. Its fascination lies in its 
insights into the subjective evaluation by 
these men of their own jobs, how they view 
the young and middle aged men in their 
organizations, what they have done to train 
and develop men coming up the ladder and 
how they view executive performance. 

The first two meetings identified major 
problem areas: origins of executive poten- 
tial and values and limitations of a college 
education. The third treated factors that 
might shed light on potentialities of future 
executives. Subsequent meetings considered 
development of future executives, evalua- 
‘tion of executive performance, the execu- 
tive and the organization and guidelines 
for future policy and research. 

The report can have a lot of meaning to 
a discriminating reader, but it offers no 
panacea. One of its values is its clear indi- 
cation of the complexity of the problem of 
identifying and developing executives. At 
the concluding session, one member said: 

“No pattern of development has really 
appeared. There were many ideas about 
what could or should be done. But the thing 
that I got out of the discussions was that 
the size and scope of one’s operations defi- 
nitely affect what one should do in a train- 
ing program. For instance, General Elec- 
tric has gone much further than smaller 
companies. I would rather pick a pattern 
for my own kind of company than conclude 
there is any general overall recommenda- 
tion which would fit all different types of 
businesses.” 

The discussions were remarkably frank 
and apparently well-reported. In discuss- 
ing how one recognizes a leader, one par- 
ticipant said: “I really don’t know how 
we find the natural leaders. I suppose 
mostly by smell. However, I would not 
want to deny that there is an element of 
patronage and pull there as everywhere 
else.” 

There is an understandable lack of 
material on specific problems of the ex- 
ecutive in research and engineering. The 
approach of the Round Table was broader. 
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Book Reviews 


One member who had spent most of his 
life in an industry which had seen rapid 
technological advances noted that his 
company had hired many engineers and 
chemists. He stated, “a fellow who came 
up the ranks became educated in human 
problems, but the technicians are not. 
We have a problem of converting these 
technicians into good all-around man- 
agers.” 

Another member added: “I am fright- 
ened to death by the so-called engineer 
shortage. We are starting young men with 
very high salaries. What will happen in a 
few years, when they won’t be making 
very much more than when they started?” 

Throughout the discussions there was 
only the barest hint of the need for ade- 
quate technical training Apparently the 
participants are too high up on the man- 
agement ladder in very large corporations 
to recognize clearly the needs of the engi- 
neering executive. It was continually em- 
phasized that a college degree is impor- 
tant only in getting a job, but that it loses 
its importance after perhaps ten years. 
It was admitted that degrees serve as a 
screening device. This seems to be more 
than a slight distortion when it concerns 
the chemical and electronics industries, 
where technical know-how is of prime im- 
portance in fulfilling the corporate pur- 
pose. In insurance, production, food manu- 
facturing and distribution, banking, utili- 
ties and the like, a general arts background 
may be helpful for “development”, but it 
is difficult to understand what could pos- 
sibly substitute initially for technical com- 
petence in law, medicine, engineering and 
the sciences. 

One observer perhaps put his finger on 
the issue when he attempted to distinguish 
between great men and leaders: 

“I think a scientist can be a great man 
just by being a scientist, but I think a 
leader must be an executive. He must have 
certain executive qualities to lead people 
along certain lines. Even a scientist, if he 
is going to be a leader, must have certain 
executive qualities.” 

Another pointed out the fallacy of try- 
ing to make a manager out of a good con- 
tributor. “A good engineer”, he observed, 
“is not necessarily a good manager of an 
engineering department.” 

There seemed to be a general recogni- 
tion of today’s problem of finding an ade- 
quate number of capable executives, and 
a realization that the problem will not 
solve itself. Important to all engineering 
executives was the feeling of the group 
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that technically trained men find it dif- 
ficult to succeed in managerial work. The 
Round Table noted that whatever their 
technical competence, technically trained 
men will probably find it difficult to cope 
with the intangible but important facts of 
business. 

In this review discussions ranging 
around specific evaluative techniques and 
training programs have been avoided. First, 
the material has to be read in context for 
its complete meaning. Second, no firm con- 
clusions that lend themselves to summary 
treatment came out of the Round Table. 
The discussion presenting the various 
points of view furnishes its own stimulus, 
and deserves careful reading and evalua- 
tion in terms of the specific needs and 
problems of individual companies. 
Columbia University Press. New York, 
179 pages, $3.50. 


A Policy for Skilled Manpower 
BY NATIONAL MANPOWER COUNCIL 


Reviewed by John W. Cook 
Manager, Applied Physics Department, 
Burroughs Corporation Research Center 


The need for skilled manpower in the 
United States is increasing rapidly. 
Greater learning and understanding are 
required of persons participating in skilled 
jobs in industry today. This book, sum- 
marizing many discussions on all phases 
of the problem, lists a number of recom- 
mendations to be followed in designing a 
program to increase the skilled manpower 
pool. Unfortunately, there are few new 
ideas and concepts presented. Instead, facts 
known for many years are reiterated, and 
the growing need for an active attack on 
this problem re-emphasized. A large part 
of the book discusses difficulties in educat- 
ing personnel so that they may accept re- 
sponsibilities in the skilled category and 
the best means of preparing a person to 
do a specific job. It is indeed heartening 
to see recognition given to general educa- 
tion as opposed to more vocational train- 
ing. The educational system in the United 
States is shown in this study to be marked- 
ly deficient in many respects. It is ap- 
parent from reading the second part of 
the book that, regardless of the reasons 
underlying the lack of training of skilled 
personnel, there is a definite trend toward 
a hurried, incomplete and inadequate train- 
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f ing program. The data quoted on students 
in the older skilled crafts such as carpentry 
and furniture making clearly shows the 


educational system to be trailing the man- 
power need significantly. 

The problem of the employer and the 
method that he uses for evaluating per- 
sonnel are well presented. This again points 
up the discrepancy between the training 
and the responsibility level expected by 
employers. Basically, the educational pro- 
gram followed in this country is not keep- 
ing pace with the demands of industry. 

The book is well written and contains 
a reasonable abstract of much basic ma- 
terial. It does not indicate mechanisms by 
which the cited problems may be solved, 
but simply considers the current status of 


‘ various attacks on the problem. It is worth- 


while reading for those confronted with 


- general problems in obtaining or develop- 


ing skilled manpower, but will probably 
seem unnecessarily lengthy to those search- 
ing for solutions to educational problems. 
Columbia University Press, New York, 
292 pages, $4.50. 


Servomechanisms and 
Regulating System 
Design, Volume II 


By H. CHESTNUT AND R. W. MAYER 


Reviewed by John Hovorka, Staff 
Massachusetts Institute of Technology 


The stated purpose of the authors of 
this volume is to provide “the design steps 
required to convert the control system 


- parameters into suitable hardware terms”. 


Volume I of this set, published in 1951, 
was a servo textbook; the present volume 
is an encyclopedia of design methods con- 
taining complete, authoritative and acces- 
sible information. 

Completeness in a book of this kind is 
relative to the state of the art, and the 
field of servos is growing rapidly. How- 
ever, much basic information has been 
reduced to formulas since the appearance 
of Volume I. It is fortunate that the for- 
mulas exist. With their aid the authors are 


able to go step by step through the design 


a a Me 


of servo loops for various purposes, taking 
up drive systems, attenuation frequency 
control and amplifier design, in that order. 
The first two chapters detail pertinent 
measurements and design objectives, and 
the last three chapters deal with non- 
linear components in servos. Alternating- 
current servos are the subject of a sepa- 
rate chapter. 

The book is authoritative as well as 
complete in the sense that the author’s 
own problems and their solutions are used 
as models. The consequent restriction of 


specific detail to certain fields, notably 


radar, is offset by the broad applicability 


of the problem types discussed. 

There are two practical approaches to 
an encyclopedic work on the part of the 
person using it: through the index and 
through the table of contents. In the pre- 
sent volume, the index could stand im- 
provement. The entry “Variable gain” 
should refer to the same pages as “Gain, 
variable” for instance, and such entries as 
“Capacitor, size of” are certainly best 
omitted. On the other hand, the Table of 
Contents is the best way into this book. 
The chapter and section headings are 
simple, highly descriptive and in general 
well chosen. In fact, if modified slightly 
and arranged alphabetically, they would 
make a good index. But, in the main, the 
book is the well recorded experience of its 
authors and deserves a place next to 
Volume I on the reference shelf. 

John Wiley and Sons, Inc., New York, 
N. Y., 384 pages, $8.50. 


Information Processing 
Equipment 


M. P. DOSS, EDITOR 


Reviewed by Vernon H. Van Diver 
Consultant Industrial Marketing 


The capabilities of different kinds of 
equipment, approximate rentals or prices 
and commercial sources of supplies and 
services are catalog details ordinarily ob- 
tained after time consuming research. This 
timely volume not only hastens prelimi- 
nary work in the quest for such data but 
also presents what is not available in the 
manufacturer’s literature: the advice of 
specialists whose informed appraisals and 
comparative analyses are otherwise se- 
cured only by engaging specialists. Here 
is a book that will definitely save one from 
starting a data processing job from scratch 
and duplicating work already done more 
efficiently. 

The book contains ten files leading in- 
terestingly and informatively from the 
making of a few copies of a report and 
copying a diagram through progressively 
more complex problems such as storing a 
million “bits” of data on a single magnetic 
drum, with any “bit” accessible in less than 
a second. They were contributed by 16 
experts who prepared them originally for 
a symposium entitled “Equipment for the 
Preparation, Reproduction and Utilization 
of Technical Information” arranged by the 
American Chemical Society in 1953. To- 
gether they comprise one of the most com- 
prehensive topical files yet published. 

Mr. Doss is well situated to understand 
the value of guidance which saves repeat- 
ing yesterday’s mistakes and trying to 
discover or engineer things already in 
practice. His is the Texas Company. His is 
a group continually exploring frontiers: 


the research and technical department 
Where more so than in this highly com- 
petitive field is the generation of technical 
knowledge multiplying rapidly? Where are 
there fewer avenues by which to escape 
the essential fact that every company in- 
tending to hold or advance its position 
must, sooner or later, have its engineers 
well informed on equipment commercially 
available for processing all manner of in- 
formation? 

This series of topical files is skillfully 
edited to the engineer level, containing 
exactly what the engineer wants to know— 
neither more nor less. 
Reinhold Publishing Corp., 
N. Y., 270 pages, $8.75. 


New York, 


Conduction Heat Transfer 
BY P. J. SCHNEIDER 


Reviewed by J. W. Westwater 
Associate Professor Chemical Engineer- 
ing, University of Illinois 


Much thought has been given to the 
science of heat conduction since the first 
treatise by Fourier in 1822. This book, 
like Fourier’s, is intended as a treatment 
of heat conduction but is necessarily rich 
in mathematical detail. 

A good review of the mathematical tools 
is given, including Fourier series, Legendre 
polynomials, Bessel functions, La Place 
transformations and gamma functions. The 
simpler mathematical concepts such as 
hyperbolic functions and the error func- 
tion are assumed to require no review. 

For the worker competent in the required 
mathematics, this book is valuable both 
as a reference and as a text. Eight chapters 
are devoted to steady-state conduction. One 
of these is an interesting nine page dis- 
cussion of heat transfer in porous solids. 
Three chapters are devoted to unsteady- 
state conduction. One-directional and two- 
directional conduction are considered in 
great detail. The three-dimensional case is 
considered slightly. Although analytical 
methods are used where possible, numeri- 
cal, graphical and experimental techniques 
are not neglected. 

The final chapter is an excellent discus- 
sion with illustrations of the analogies 
between heat conduction, streamline fluid 
flow, electric current flow and deformation 
of an elastic membrane. 

Inasmuch as the author is a mechanical 
engineer, the profuse examples and prob- 
lems are naturally slanted in interest. Tur- 
bine blades are chosen to illustrate the 
fin formulas; cylinders of an internal com- 
bustion engine are used for problems in 
periodic heat flow. This viewpoint should 
be refreshing to physicists and chemical 
engineers familiar with older, well-worn 
examples. The author is “modern” in that 
he includes a consideration of heat con- 
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duction in a nuclear reactor. A typical 
problem is solved using circular harmonics. 

The format is quite pleasing. On the 
debit side is the lack of nomenclature. Tab- 
uated physical and thermal data are sparse; 
thermal conductivity, heat capacity and 
thermal] diffusivity are given for ten metals 
only. On the other hand, mathematical 
tables for such items as Bessel functions 
and Legendre polynomials are plentiful, 
occupying twenty-two pages. 

The book should be in the library of 
any technical organization faced with prob- 
lems in heat conduction. 

Addison-Wesley Publishing Co., Inc., Cam- 
bridge, Mass. 395 pages, $10.00. 


Motivation Research: A New Aid 
to Understanding Your Market 


HANS A. WOLF, EDITOR 


Reviewed by Dr. A. Melvin Gold 
Institute for Motivational Research, Inc. 


The mere publication of a volume on 
the subject underscores the potency of 
Motivation Research as a factor in busi- 
ness today. This is not a “big book” 
with overwhelming facts and figures, nor 
is it a panacea for the problems and ills 
confronting business and advertising. - It 
is a concise, simply done volume that in- 
dicates a direction and answers some 
questions. 

The authors, a group of students in 
Prof. George F. Doriot’s course in Manu- 
facturing at Harvard Business School ’54- 
55, demonstrate in Part I, Motivation Re- 
search Today, that although its methods 
are generally given prime billing, Motiva- 
tion Research is first and foremost the 
use of basic theories and generalized ob- 
servations developed by social scientists 
about the how and why of individual and 
group behavior in society. 

This astute group does not pull any 
punches in presenting a critical evalua- 
tion of the successes and limitations of 
Motivation Research. As an infant in the 
field of business and advertising research 
it can be mismanaged, but, handled prop- 
erly, it can also “evaluate a finished prod- 
uct policy and promotional strategy .. 
and aid in forecasting general market 
conditions by adding knowledge on con- 
sumer intentions to statistical data about 
economic conditions.” It studies the psy- 
chology of the consumer and forces which 
shape his buying, thus helping the busi- 
ness man fully understand his market. 

The writers question the widespread 
interest in this topic. The answer is easy. 
There are more competitive market condi- 
tions today, the consumer has more money 
to spend, Motivation Research is new and 
has already answered some interesting 
and complicated questions. Acceptance of 
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M.R. shows that there is a trend toward 
more scientific business management. 
However, there is also resistance, as there 
is to anything that disturbs the status 
quo. But as “king sampling theory” won 
its battle twenty years ago, Motivation 
Research is winning its battle today. 

Very impressive and meaningful is the 
research this group did among sales exec- 
utives and members of the Advanced 
Management Program at Harvard in the 
spring of 755. In part the results show 
that many studies have been made on 
Motivation Research in companies whose 
annual sales exceed fifty million dollars. 
Small firms unable to undertake the full 
costs at present, would band together for 
cooperative studies. Executives from 
large organizations expressed interest in 
Motivation Research as a direct aid in 
presenting their sales message to custom- 
ers either through advertisements or 
salesmen. 

Part II of the volume, Motivation Re- 
search Tomorrow, develops such ideas as 
the continuing need for Motivation Re- 
search, the obstacles it must overcome 
and the training of personnel. The writers 
firmly assert that this new discipline is 
experiencing growing pains. New prod- 
ucts and changing consumer attitudes 
will continue to provide Motivation Re- 
search with a plethora of studies in the 
future. They propose that there be courses 
given in this area to social scientists and 
business majors alike in colleges. They 
feel, and.substantiate their belief, that 
with the theoretical advances made in the 
schools today and their applications to 
business, Motivation Research will be- 
come a rigid discipline and find for itself 
a niche in tomorrow’s business world. 

The present role of Motivation Re- 
search enables the business man to un- 
derstand his market and attain his goals. 
The future depends on the wedding of 
the social scientist with business after a 
long courtship. The social scientist must 
understand and accept the problems of 
business; business must sit down with 
the social scientist and learn the newer 
techniques of gathering and assessing in- 
formation. 

Motivation Research Associates, Boston, 
Mass., 80 pages, $10.00. 


Patent Law in the Research 
Laboratory 


By JOHN K. WISE 


Reviewed by Elton T. Barrett 
President, CGS Laboratories, Inc. 


This accurate, informative and interest- 
ing volume includes an excellent synopsis 
of the history of and reasons for our pat- 
ent system. A major portion of the book 
discusses the procedure by which a patent 


t 


is obtained; only the last eight pages are 


devoted to laboratory records. 


The book is of doubtful utility to one | 


directing efforts of research or develop- 
ment groups. Some understanding of the 
history of patents and a cursory knowl- 
edge of procedures for patent applica- 
tions in the Patent Office may be 
interesting, although not directly useful, 
to a director of research and to engineers 
generally. Such information may, how- 
ever, make the research director more 
tolerant of the delays imposed by the re- 
quirements of the patent attorney in con- 
nection with the keeping of records in 
the laboratory. 

Not intended to serve as a guide for 


anyone actually prosecuting patent appli-_ 


cations, Mr. Wise’s book would be inade- 
quate for this purpose. The research di- 
rector who desires to establish a practical 
program for protecting the patent rights 
resulting from research and development 
work carried on in his laboratory will find 
it necessary to study one of the many 
books dealing with the more practical as- 
pects of protecting inventions, or even 
better, to consult a qualified patent at- 
torney to design a practical system for 
his special needs. 

Within the scope of his book, Mr. Wise 
has expertly presented an overall sum- 
mary of the patent system. He has pointed 
out the inroads on the patent system made 
by the courts and the difficulty of making 
the courts understand the reasons under- 
lying our patent system. The book also 
imparts some understanding of the com- 
plex procedures involved in obtaining a 
good patent. 

Reinhold Publishing Corp., 
N. Y. 192 pages, $2.95. 


New York, 


NBS Circular Summarizes 
Leather Research Projects 


“Leather Research and Technology at 
the National Bureau of Standards” sum- 
marizes typical NBS leather projects: es- 
tablishment of optimum pH of 3.0 below 
which leather is not stable during stor- 
age; a method for quantitative deter- 
mination of amino acids in collagen; 
measurement of size and distribution of 
pores in leather; methods of impregnating 
leather with polymers; measurement of 
physical constants of leather and other 
polymers; investigation of tanning prop- 
erties of synthetic organic compounds; 
and design of special equipment for lab- 
oratory evaluation of performance. 

The circular also contains a compre- 
hensive list of publications by members 
of the Bureau’s Leather Section on colla- 
gen, leather and other polymers. 

NBS Circular 560, 13 pages, $.15. Order 
from U. S. Government Printing Office, 
Washington 25, D.C. 
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FORE!—The Modern Way 


Latest in the way of inventions to ease 
the burdens of modern man is a non-lose- 
able “golf ball’ used by Dan Noble, vice- 
president of the Communications and Elec- 
tronics Division of Motorola, Inc. To 
demonstrate the possibilities of the tran- 
sistor, Mr. Noble had Motorola engineers 
produce a complete broadcasting set using 
a standard transistor. The set was de- 
signed to fit inside a plastic “golf. ball” 
just about the size of a regulation ball. 

Despite its size, the unit transmits a 
sufficiently strong radio frequency signal 
that can be picked up by a portable, pocket- 
size receiver carried by Mr. Noble. By 


merely rotating the receiver as a direction 
finder, he can easily determine the location 
of the lost ‘electronic golf ball’. 

Mr. Noble stresses the fact that this 
“electronic golf ball’ is strictly a gadget 
which readers should not expect to find 
in their sporting goods store. But for 
those golfers whose method of scoring the 
game is to count the number of balls they 
lose per nine holes, it is something to 
dream about. 


Pocket-sized receiver picks 
up signals from miniature 
transmitter inside golf ball. 


S PCA Research (Society for the Prevention of Cruelty to Anglers) 


Florida sports fishing enthusiasts may 
well find the fishing better in their favorite 
lake or river in the near future as a result 
of a research project now underway. The 
University of Florida reports that scien- 
tists at the Engineering and Industrial 
Experiment Station, working under a 
grant by the Florida Game and Fresh 
Water Fish Commission, are devising 
means of ridding Florida waters of “rough” 
fish by electricity. 

These studies and experiments are a re- 
sult of constant complaints from fishermen 
who have found that “rough” lake fish, 
such as gar and shad, seriously impair 
sports fishing by using up needed food and 
oxygen. 

To conduct the necessary research, proj- 
ect personnel have constructed what is 
probably the largest tank of its kind ever 
built. Measuring 18 feet long, seven feet 
wide, and four feet deep, the tank has a 
waiting room as well as an electrocution 


Well, That’s Done—The Rest 


Is Up To The Rocket Engineers 


_ <A “space clock” that provides a preview 

of products which the instrument industry 
will be called on to create in the age of 
interplanetary travel will be exhibited at 
the 10th Annual Instruments and Auto- 
mation Conference and Exhibit to be held 
at Shrine Auditorium and Convention Hall 
in Los Angeles, California, September 12 
to 16. Dr. I. M. Levitt, Director of Fels 
lanetarium of the Franklin Institute of 
Philadelphia, conceived the “space clock” 
and made the astronomical calculations for 
t. Mechanical design was by Mr. R. B. 
Mentzer, assistant director of research in 


chamber. 

The waiting room holds fish in reserve; 
the electrocution chamber is used for test- 
ing. The outer wall contains three large 
observation windows. 

Over a hundred large “‘rough’’ fish, sup- 
plied by the Game and-Fresh Water Fish 
Commission specifically for the project, can 
be kept in the reserve chamber while fish 
are being electrocuted in the other. In- 
sulating the reserve tanks against elec- 
tricity is a six-inch, steel reinforced con- 
crete dividing wall, covered with six coats 
of waterproof and insulating paint. 

The fish are killed by screen electrodes 
which are placed in the testing side so as 
to form a box with two sides serving as 
electrodes and two sides as walls. And re- 
search personnel try to get the fish to 
cooperate in their electrocution by having 
them line up perpendicularly to their 
screens. In this way, the jolts of electricity 
are passed from one electrode to the other 


charge of process development at Hamilton 
Watch Company, Lancaster, Pennsylvania. 

Hamilton Watch Company made the clock 
to demonstrate interplanetary time dif- 
ferentials which future space travel pilots 
must consider in planning trips to Mars. 
The space clock indicates Mars time (outer 
dial) and Earth time (bottom dial). Two 
other dials give calendar dates on Earth 
(right center dial) and on Mars (left cen- 
ter dial). The “calendar” dial for Mars is 
based on a year of twelve months, but the 
Mars month has up to 56 days, which are 
24 hours, 37 minutes, and 12 seconds long. 


Serendipics 


and a larger area of the fish will be af- 
fected. 

One three-foot gar fish was hit so hard 
by a jolt of electricity that his neck was 
broken. Two gars, also in the same experi- 
ment, died later while the fish in the re- 


serve tank only 90 inches 
lazily awaiting their turn. 

Research personnel believe that the 
principle can be applied to removing such 
fish from Florida’s lakes and streams in a 
like manner. It is known that certain types 
of fish can be drawn to a point by trailing 
two electrodes in the water. And, the 
larger the fish, the greater the attraction. 

Dr. James B. Lackey, project leader, still 
won’t venture a prediction of guaranteed 
results because of a considerable amount 
of research yet to be done. But, with the 
tank at the University and field work in 
the Lake Okeechobee area, the project is 
receiving strong backing from sports fish- 
ing groups. 


away swam 
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Reports in this section may be obtained 
directly from the Office of Technical Serv- 
ices, U.S. Dept. of Commerce, Washington, 
D. C., unless another source is stated. 


Aircraft Instrumentation 


Four reports of research conducted for 
the Air Force to determine the most de- 
sirable types of instruments for certain 
applications in aircraft have been released. 

The first presents an integrated survey 
and interpretation of psychological re- 
search relevant to the design of counters 
for use on airborne equipment. The merits 
and demerits of a counter as compared 
with other methods of presenting informa- 
tion in typical applications are discussed. 
Such design problems as the speed and 
direction of rotation of a counter and the 
location and mode of operation of its as- 
sociated contro] are analyzed in detail. 
Counters for Airborne Use, PB 111564, 
18 pages; $.50. 


The second report summarizes a series 
of experiments designed to investigate the 
effects of certain control-display relation- 
ships on making settings with moving- 
scale display relationship. Recommenda- 
tions are made for the application of moy- 
ing-scale assemblies. 

Desirable Control-Display Relationships 
for Moving-Scale Instruments, PB 
111649, 26 pages; $.75. 


Investigations of minimum observable 

change in brightness as a function of the 
original adapting brightness, and the dura- 
tion of the change are discussed in the 
third report. Results show that a very weak 
signal on a cathode ray tube screen may 
be detected if it persists long enough to 
allow the eye to integrate the energy 
emitted. 
Foveal Luminance Discrimination as a 
Function of the Duration of the Decre- 
ment or Increment in Luminance, PB 
111599, 20 pages; $.50. 


The final report reveals that the choice 
between the eyes and ears as sense chan- 
nels for the presentation of information to 
the human operator rests upon the specific 
demands of various operational situations. 
The stimulus properties of light and sound 
differ, and the receptor characteristics of 
vision and audition also differ. It is pos- 
sible, by matching these distinguishing 
sense characteristics with specific demands 
of particular situations, to suggest some 
“division of labor” between the two sense 
channels for purposes of data presentation. 
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Research Reports 


Principal categories of demands are pro- 
posed. 

A Comparison of the Visual and Audi- 
tory Senses as Channels for Data Pre- 
sentation, PB 111651, 44 pages; $1.25. 


Deposition of Salts From 
Freezing Sea Water 


The order of precipitation of salts when 
sea water freezes has been investigated by 
the University of Washington, Department 
of Oceanography, under Navy contract. 

It was found that about 88% of the 
water is transformed into ice before the 
first salt crystallizes. The first salt formed 
is sodium sulfate decahydrate which be- 
gins to separate at —8.2°C. At —22.9° 
sodium chloride dihydrate precipitates in 
large quantities, and the concentration of 
sodium in the brine decreases rapidly. 
There is a decrease in the concentration of 
potassium and magnesium below —326° 
when potassium chloride and magnesium 
chloride dodecahydrate precipitate. Tests 
were limited to —40°C., but thermal ana- 
lysis studies indicate that calcium chloride 
hexahydrate begins to form at —54° and 
that the last of the brine probably solidifies 
at a temperature just below that. 
Deposition of Salts from Sea Water by 
Frigid Concentration, PB 111606, 34 
pages; $1.00. 


Radio-Interference Manual 
To Assist Manufacturers 


To assist manufacturers of equipment 
for the Armed Forces in meeting the re- 
quirements of radio-interference specifica- 
tions a manual prepared by the Signal 
Corps Laboratories, Ft. Monmouth, N. J. 
has been made available to industry. 

Radio-interference suppression has_ be- 
come increasingly important because of the 
large increase in the number and sensiti- 
vity of communications systems. Radio-in- 
terference specifications are now part of all 
detailed specifications for Armed Forces 
equipment, and many manufacturers with 
no previous experience in this field must 
apply radio-interference systems to items 
ranging from refrigerators to helicopters, 
from computing machines to tactical ve- 
hicles. 

This manual contains information on 
approved suppression components and sys- 
tems and their application. In addition, it 


explains the procedures recommended for 
obtaining approvals, requesting tests by 
the Signal Corps, and getting assistance 
from the Signal Corps in solving special 
problems. It concludes with a brief outline 
of basic principles. 

Some of the individual sources of radio 
interference dealt with are rotating ma- 
chinery, ignition systems, switches and 
contractors, electronic devices, fluorescent 
lamps and instruments. The book also dis- 
cusses the suppression of complete equip- 
ment such as vehicles, marine equipment, 
airplanes and helicopters, diesel electric 
locomotives and teletypewriters. 

Radio Interference Suppression Tech- 
niques, PB 111611, 270 pages, $6.75. 


Packaging Ball Bearings 


In a test conducted for Wright Air De- 
velopment Center, it was found that cer- 
tain volatile corrosion inhibitors are effec- 
tive in preventing corrosion of packaged 
ball bearings. Bearings with or without an 
oil film were sealed in tin cans or flexible 
water vaperproof pouches with one of six 
volatile corrosion inhibitors and were then 
subjected to a three week cyclic exposure 
plus 60 days of storage at 120°F. and 92% 
relative humidity. 

The inhibitor consisting of a kraft paper 
impregnated with sodium nitrite, urea and 
monoethanolamine benzoate gave the best 
results under all test conditions. A kraft 
paper impregnated with an amine salt also 
protected the bearings from corrosion 
under all conditions, except when used in 
a pouch exposed to 160°F. Generally, use 
of an oil film in conjunction with a VCI 
material did not reduce corrosion. 
Packaging Requirements for Bearings, 
PB 111650, 29 pages; $.75. 


Diffusion Studies in Titanium 


Three reports of titanium research for 
the Armed Forces, two on diffusion and 
one on spectrochemical analysis, have been: 
released to industry. 

Diffusion of iron, nickel and cobalt into: 
hot-pressed titanium carbide was studied — 
using the radioactive isotopes ef these 
transition metals. Calculation of the dif- 
fusion coefficients was made both by the 
surface decrease method and by the de- 
termination of the concentration gradient — 
within the sample. Measurements of the 
diffusion coefficients were made at 900°, 


~ 


1 
1000° and 1100°C but evidence is presented 
that diffusion is dependent upon the struc- 


_ ture of the sample. Grain boundary dif- 


fusion appears to be the predominant type 
occurring. 

Diffusion of Iron, Nickel and Cobalt 
Into Hot-Pressed Titanium Carbide, 
PB 111612, 32 pages with tables, 
graphs and photomicrographs; $1.00. 


Technical papers and discussions are 
presented in the second report by authori- 
ties on titanium from military research 
facilities, universities and private research 
institutions, on such subjects as the dif- 
fusion of hydrogen, nitrogen and oxygen, 
volume diffusion of carbon, the effect of 
hydrogen on the ultrasonic attenuation in 
titanium, the effect of temperature on slip 
and twinning in titanium, and the plas- 
ticity of beta titanium. 

Minutes of Titanium Symposium on 
Diffusion and Mechanical Behavior, 
PB 111567, 59 pages, $1.50. 


The final report of the project deals with 
the study of spectrochemical methods for 
the analysis of titanium and titanium base 
alloys. The analysis for iron and vanadium 
in concentrations of about 2.5 per cent by 
the porous-cup technique, porous-cup analy- 
sis for boron below 0.1 per cent, a-c arc 
excitation with the porous-cup technique, 
and the analysis of titanium metals by di- 
rect sparking are discussed. In addition, 
the work performed since initiation of the 
project is summarized. 

Spectrochemical Analysis of Titanium 
Metals and Alloys, PB 111587, 32 pages 
with graphs and tables, $1.00. 


High Temperature Applications 
Of Molybdenum 


Since the commercial development of 
the steam turbine, engineers have sought 
continuously for materials which would 
permit them to increase operating tempera- 
tures. One base metal after another has 
been used to the fullest extent of its capa- 
bilities and still the jet propulsion and gas 
turbine managers are far from satisfied. 

Interest and experimentation at the pre- 
sent time are divided into three broad cate- 
gories: improved cermets with better re- 
sistance to impact and thermal shock; vac- 
uum melting processes to produce better 
nickel and cobalt base materials; and 
search for a coating material to protect 
metallic molybdenum from oxidizing at 
elevated temperatures. Solution to the lat- 
ter problem would open temperature fields 
considerably higher than the 1650°F. max- 
imum for present jet engines. The develop- 


ment, therefore, is being watched with 
keen interest both by aeronautical engi- 
neers and military officials. 


A compilation of all available technical 
and fabricating data on arc-cast molybde- 
num is presented in a 72 page booklet just 


published by Climax Molybdenum Com- 
pany. It is designed to provide those in- 
terested in the high temperature applica- 
tions of molybdenum with a complete pic- 
ture of where it stands today and possible 
uses in the very near future. 

Booklet free upon request to Director of 
Technical Information, Climax Molyb- 
denum Co., 500 Fifth Ave., New York 
SOstINGY 


Better Torsion Testing 
Machine Developed 


A new Kinetic Torsion Impact Tester 
designed by Pitman-Dunn Labs to fulfill 
Army Ordnance Corps requirements, not 
only produces shear fractures but permits 
accurate determining and recording of en- 
ergy and torque values and indicates how 
applied torques and the specimen’s resist- 
ance fluctuate during testing. 

Torsion testing machines previously used 
generally indicated only a single value of 
tortional resistance and frequently caused 
brittle fracture or deformation in metals 
of high or low hardness. 

Essential features of the machine are 
an electric motor with a heavy flywheel 
attached to its armature; a freely rotata- 
ble specimen collar with clutch teeth, which 
rotates with the specimen; and a fixed 
member with clutch teeth to hold the speci- 
men stationary while it is twisted to frac- 
ture by the flywheel. 

Methods of measuring energy and twist 
required to fracture, torque and torque vs. 
time to fracture are detailed in this report, 
with photographs and diagrams of the 
devices used and their operation. Prepara- 
tion of the specimens, chiefly carbon alloy 
steel and non-ferrous metals, is described, 
and test results charted. 

Improved Method for Testing in Torsion 
Impact, PB 111613, 22 pages; $.75. 


Ignition Properties of Fuels 


To achieve a better understanding of the 
relationship between fuel composition and 
ignition properties, and to develop a simple 
and rapid method of testing small quanti- 
ties of fuels, additives, pure hydrocarbons 
and other compounds, the Naval Research 
Laboratory has conducted a series of ex- 
periments. 

This work has been spurred by the rap- 
idly increasing use of high-quality fuel 
and distillate stocks in jet aircraft, home 
burners and other equipment, in competi- 
tion with the Navy’s need for large quan- 
tities of diesel fuel, or suitable substitutes, 
for the Fleet. The purpose of these stu- 
dies is to investigate the possibility of 
bolstering the supply of high cetane 
straight-run fuel by the use of low cetane 
fuels. Numerous methods of evaluating ig- 
nition behavior were tried out, and a con- 
trolled ignition meter was developed es- 


pecially for these tests. 

Among the subjects investigated were 
the ignition behavior of individual pure 
hydrocarbons of various types, the be- 
havior of ignition improvers in pure form 
and in mixture with pure hydrocarbons, 
the relationships between ignition point, 
cetane number, and ignition delay, the et- 
fect of temperature and oxygen percent 
on ignition and characteristic minimum ig- 
nition points of isomeric hexanes. 
Ignition Studies, Part IV, Relation of 
Minimum Ignition Point to Other Igni- 
tion Phenomena, PB 111614, 15 pages; 
$.50. 


Transistorization of an 
Electronic Counter 


Details of design and construction of a 
frequency meter using transistors instead 
of vacuum tubes are given in an Army 
Signal Corps research report. 

Prior to construction of this electronic 

counter, a year was devoted to background 
study, transistor switching circuit study, 
decade counter development, control cir- 
cuit development and frequency meter de- 
sign. The complete frequency meter was 
then designed and built using plug-in con- 
struction and all-transistor circuitry, and 
the equipment was tested. 
Application of Transistors to Electronic 
Counting Equipment, PB 111610, 77 
pages with circuit diagrams, drawings 
and photographs; $2.00. Also available 
is a catalog on Government research 
reports on the transistor, CTR-310, 
$.10. 


Analysis of Waxes in 
Lubricating Oils 


As part of a research program to de- 
termine a more effective method of lower- 
ing the pour-point of lubricating oils, 10 
straight chain hydrocarbons were studied 
in detail and their properties are given in 
an Air Force research report. 

Below the pour-point the waxes in lu- 
bricating oil crystallize to form a coherent 
three-dimensional network throughout the 
oil preventing further flow. The pour-point 
is usually lowered by dewaxing or by using 
a pour-point depressant which modifies the 
crystal habit of the crystallizing wax. 

In this study, the morphological, X-ray 
and optical properties of the 10 hydrocar- 
bons from C.Hu to C,H are presented 
with as much information as possible on 
the polymorphic forms of each member of 
the series. The relationship between the 
crystallographic properties of these waxes 
and their behavior in lubricating oils is 
discussed. Representative binary composi- 
tion diagrams were determined by a co- 
ordinated microscopical and X-ray diffrac- 
tion approach. 

Details of several new items of equip- 
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ment developed for these tests are discussed 
in the report. These items include two hot 
stages for use with the phase microscope 
and an X-ray camera. 

Characterization of C,,-C;, Hydrocar- 
bons and Their Mixtures, PB 111646, 
104 pages, $2.75. 


Mass Production of Precision 
Ground Crystals 


An improved sphere generator for pre- 
cision contouring of round quartz crystals 
on a mass production basis has been de- 
veloped by Bausch and Lomb under Army 
Signal Corps contract. The machine grinds 
spherical bevels on one or more flat round 
crystals at a time, with a range of curves 
from 29 mm to 350 mm. Curves even short- 
er can be generated with slight modifica- 
tions in the machine and its auxiliary 
equipment. 

Three pieces of high precision equip- 
ment, representing improvements on pre- 
viously used models, were specially de- 
signed and built for this job. They were 
a modified lens generator, a unique block- 
ing and centering feature and a measuring 
microscope. 

Contouring Equipment for Round Crys- 
tals, PB 111609, 60 pages, $1.50. 


Radioactive Battery 


An investigation by the Army Signal 
Corps vf the contact potential (that ex- 
isting between two dissimilar metals in 
contact with each other) and the use of 
this physical phenomenon in a radioactive 
battery indicates that this type of battery 
is useful for producing small currents, for 
which there are numerous applications. 

A 97-cell aluminum and copper plate bat- 
tery, using a 250 KV X-ray machine as the 
ionizing agent, was first constructed and 
tested. Construction and testing of a 212- 
cell battery using a radioactive source of 
ionization followed. Aluminum and copper 
plates were used with a thallium 204 beta 
particle source as the ionizing agent and 
Xenon as the inert gas. 

Radioactive Battery, PB 111604, 39 
pages; $1.00. 


Infrared Bibliography 


A bibliography on infrared radiation has 
been compiled by the Library of Congress. 
The classification proceeds from infrared 
theory and general infrared—optical prop- 
erties through various elements and com- 
ponents of infrared equipment, infrared 
spectroscopy and photography, to its ap- 
plications in science, technology, the arts 
and industry. 

Infrared: A Library of Congress Bib- 
liography, PB 111643, 874 pages; $3.00. 
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